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HAVING  perufed  feveral  Books  concern- 
ing the  Menluration  of  Sup-rficies  and 
Solids,  and  the  Woiks  of  Artificers  re- 
lating to  Buiidin;^  ;  but  not  finding  any  one  Book 
fo  perfect,  as  to  give  any  tolerable  Satisfad^ion  to 
a  Learner;  and  i  having  pradiiifed  and  taughc 
Meafuring  for  feveral  Years,  and  thereby  gained 
Experience  and  Knowledge  in  that  Art,  having 
learned  fome  Things  from  one  Author,  and  fome 
Things  from  another,  I  began  to  think  of  diged- 
ing  my  Thoughts  into  fome  fuch  Method  as  might 
give  a  Learner  full  Satisfaction,  without  being  at 
the  Charge  of  buying  fo  many  Books  ;  and  being 
importuned  thereunto  by  fome  Friends,  I  fell  ta 
work,  and  at  lalt  brought  them  to  that  Perfedlion 
you  here  find  in  the  following  Work. 

T.  As  to  the  Decimal  Arithmctkk^  I  have  bfefi 
as  concife  as  the  Matter  would  well  bear,  to  make 
it  plaiti. 

A  2  2.  As 
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2.  As  to  the  Multiplying  of  Feet  and  Inches, 
commonly  calied  Crofs  Multiplication^  my  Me- 
thod differs  from  that  which  is  tifually  taught  in 
other  Authors,  as  being  (i  think)  much  ihorter 
and  plainer. 

3.  In  meafuring  of  Superficies  and  Solids,  I  have 
given  the  Demonftration  of  the  Rules,  which  I 
tnought  might  be  very  acceptable  to  the  Inge- 
nious ;  for,  inded,  I  always  look  upon  the  Writ- 
ing of  a  Rule  without  a  Demonfbration  (in  any 
Part  of  the  Mathematicks)  to  be  but  lame  and 
tlefective  ;  for  want  of  knowing  the  Reafon  of 
the  Rule,  a  Learner  may  commit  great  Errors  j 
befides,  when  a  Learner  knows  the  Reafon  of  the 
Rules,  he  may  retain  them  better  in  his  Memory, 
The  Rule  for  meafuring  a  Prifmoid  andCylindrcid, 
I  had  out  of  Mr.  Everard^s  Art  of  Gauging  \  but 
ihe  Reafon  he  does  not  (hew,  neither  have  1  found 
it  in  any  other  Author;  but  that  the  Method  is 
true,  i  have  endeavoured  to  make  plain. 

The  Demonftration  of  the  Rules  for  finding  the 
Area  of  an  Ellipfis  and  Parabola;  alfo  the  De- 
monftration of  the  Rules  for  finding  the  folid  Con- 
tent of  the  Fruftum  of  a  Cone  and  Pyramid,  the 
Solidity  of  a  Globe  of  a  Spheroid,  a  Parabolic  Co- 
noid, and  of  a  Parabolic  Spindle,  and  their  Fruf- 
tums,  I  had  from  the  ingenious  Mr.  lVard\  Toung 
Mathematician' s  Guide  \  where  the  curious  and  in- 
genious Reader  may  fee  many  other  Demonftra- 
tions  algebraically  performed.  I  have  alfo  demon- 
ftrated  the  Rule  for  finding  the  Solidity  of  a  Globe, 
out  of  Pardie's  Elements  of  Geometry  (Book  the 
5th,  Art.  the  33d)  publifhed  mEngliJh  with  many 

Additions, 
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Additions,  by  the  Reverend  Dr.  Harris^  F.  R.  S. 
and  the  fame  is  alfo  done  out  of  Sturmius's  Ma^ 
thefts  Enudeata  ;  fo  that  the  ingenious  Reader  may 
ufe  which  of  thofe  Ways  he  likes  belt. 

The  Scale  fuppofed  to  be  ufed  in  all  the  Opera- 
tions, is  the  Line  of  Numbers,  commonly  called 
Guhters  Lijte^  wh-ich  is  upon  the  ordinary  Two- 
Feet  or  Eighteen-Inch  Rules,  commonly  ufed  by 
the  Carpenters,  iVlafons,  <^c.  becaufe  I  thought  it 
needlefs,  as  well  as  impertinent,  to  write  the  Ufe 
of  Sliding-Rules,  or  any  other  particular  Scales,. 
they  being  fuliiciently  treated  of  by  feveral  Au- 
thors ;  viz.  by  the  above-named   Mr.  Everard^  in 
his  Art  of  Gauging  above-mentioned,  where  yon 
have  the  Ufe  of  a   Sliding-Rule  in  Arichmetick, 
Geometry,  in  Meafuring  of  Superficies  and  Solids, 
Gauging,   isc,      Likewife  Mr.  Hunt  has  written 
largely  of  the  Ufes  of  hi^  Sliding  Rule,  in  Arith- 
metick.     Geometry,     T;  igonometry,-    Gauging,, 
Dialling,  ^c.     There  are  feveral  others  who  have 
explained   the  Ufe  of  their  own   Rules;   fo  that 
the  more  carious  Reader  may  find  full  Satisfac- 
tion in  thofe  Authors- 
One  Thing  I  have  omitted  in  the  Boole,  which- 
I  think  may  not  be  very  improperly  Inferted  in  this 
Place;   that  is,  how  to  find  a  Number  upon    the 
Line.      If  the  Number   you    would  find   confilis 
only  of  U/iits,  then  the  Figures  upon  the  Line  re- 
prefent  the  Number  fought:  Thu.<^,  if  the  Number- 
be  1,2,  3,  ^c.  then  I,  2,  3,  ^c.  Upon  the  I.<ine,, 
rcprefents  the  Number  fought.    But  if  the  Num- 
ber confiits  of  tv/o  Figures,  that  is,  of  UnJts  and 
Tens,  then  the  Figure  upon  the  Rule  flands  for 

A  3,  tdia- 
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the  Ten?,  and  the  large  Divlfions  {land  for  the 
Units;  thus,  if  34  were  to  be  found  upon  the 
Line,  the  Figure  3  upon  the  Line  is  30,  and  4  of 
the  large  Divifions  (counted  forwards)  is  the  Point 
reprefenting  34.;  and  if  340  were  to  be  found,  it 
will  be  at  the  Came  Point  upon  the  Line;  and  if 
304.  were  to  be  found,  then  the  3  upon  the  Line  is 
300,  and  four  of  the  fmaller  Divifions  (counted 
forward)  is  the  Point  reprefenting  304.  If  the 
Number  confifts  of  four  Places,  or  Thoufands, 
then  the  Figure  upon  the  Line  ftands  for  Thou- 
fands, and  the  laiger  Divifions  are  Hundreds,  the 
IcfTer  Divifions  are  Tens,  and  the  tenth  Parts  of 
thofe  lefl'er  Divifions  are  Units.  Thus,  if  2735 
were  to  be  found,  then  the  2  to  2000  ;  and  the 
7  larger  Divifions  (counted  forward)  is  700  more  ; 
und  3  of  the  lefTer  Divifions  is  30  more;  and  half 
of  one  of  the  lefier  Divifions  is  5  more,  which  is 
the  Point  reprefenting  2735.  You  muftremember, 
that  between  each  Figure  upon  the  Line  there  are 
10  Parts,  which  I  call  the  larger  Divifions ;  and 
each  of  thofe  larger  Divifions  are  fubdivided  (or 
fuppofed  fo  to  be)  into  10  other  Parts,  which  I  call 
the  fmailer  Divifions ;  and  each  of  thofe  Parts  fup- 
pofed fo  to  be  fubdivided  again  into  10  other  Parts, 
i3c.  You  muil  alfo  remtmber,  that  if  i  in  the 
Middle  <){  the  Line  Hands  only  for  i,  then  i  at 
the  upper  End  will  be  lo,  and  i  at  the  lower 
End  v-iil  only  be  -j^-^;  but  if  i  at  the  lower  End 
figniiies  I,  then  i  in  the  Middle  ftands  for  10, 
and  1  at  the  upper  End  is  ico,  ^c. 

There  is  one  Thing  more  which  I  would  have 
nw  Reader  to  undeiiland  ;  and  that  is,  hovv^  to  find 
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all  fiich  proportional  Numbers  made  ufe  of  in  the 
Proportions  about  a  Circle,  and  of  a  Cylinder,  and 
in  other  Places;  which  Thing  may  be  of  good  Ufe 
to  know  how  to  corrc6t  a  Number,  which  may 
happen  to  be  falfe  printed,  or  to  enlarge  any  Num- 
ber to  more  decimal  Places,  for  more  Exadlnefs ; 
for  though  I  have  mentioned  what  fuch  Numbers 
are,  yet  I  have  not  fhewn  how  to  find  them,  which 
a  Learner  may  be  a  little  at  a  Nonplus  to  do; 
tkough  they  are  tafily  found  by  the  Rules  there 
laid  down.  I  fhall  therefore  give  two  or  three 
Examples,  in  this  Place,  of  finding  fuch  Num- 
bers, which  may  enable  my  Reader  to  find  out 
the  reft. 

And,  firft,  let  it  be  required  to  find  the  Area  of 
a  Circle,  whofe  Diameter  is  an  Unit. 

By  the  Proportion  o^  Van  Culen^  If  the  Diame- 
ter be  1,  the  Circumference  will  be  3.14159265, 
^c.  of  which  3.1416  is  fufficicnt  in  moft  Cafes. 
Then  the  Rule  teaches  to  multiply  half  the  Cir- 
cumference by  half  the  Diameter,  and  the  Pro- 
du<51:  is  the  Area  :  That  is,  multiply  1.5708  by  .5 
{yi%.  half  3.1416  by  half  i)  and  the  Product  is 
.^854,  which  is  the  Area  of  the  Circle,  whofe 
Diameter  is  i. 

Again  ;  if  the  Area  be  required  when  the  Cir- 
cumference is  I,  fiift  find  what  the  Diameter  will 
be,  thus  :  3. 141 6  :  to  i  :  :  fo  is  i  to  .31H309, 
which  is  the  Diameter  when  the  C i re u inference 
is  I.  Then  multiply  half  .318309  by  half  i  ;  that 
is.i59i54by  .5,  and  the  Produ6lis  .079577, which 
is  the  Area  of  a  Circle  whofe  Circumference  is  i. 

If 
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If  the  Area  be  given,  to  find  the  Side  of  the 
Square  equal,  you  need  but  extra<5t  the  Square 
Root  of  the  Area  given,  and  it  is  done :  So  the 
Square  Root  of  .7854  is  .8862  which  is  the 
Side  of  a  Square  tquai  when  the  Diameter  is  i. 
And  if  you  extract  che  Square  Root  of  .079577, 
it  will  be  .2821,  which  is  the  Side  of  the  Square 
equal  to  the  Circle  whofe  Circumference  is  i. 

If  the  Side  of  a  Square  within  a  Circle  be  re- 
quired, if  you  fquare  the  Semidiameter,  and 
double  that  Squaie,  and  out  of  that  Sum  extract 
the  Square  Root,  that  fhall  be  the  Side  of  the 
Square  which  may  be  inlcribed  in  that  Circle  ;  fo 
if  the  Diameter  of  the  Circle  be  i,  then  the  half 
is  .5;  whi:-h  fquared,  is  ,25;  and  this,  doubled, 
is  .5,  whofe  Square  Root  is  .7071,  the  Side  of  the 
Square  infcribed. 

Again;  If  the  Diameterof  a  Globe  be  i.  to  find' 
the  Solidity.  In  Sc6\.  XI.  Chap.  II.  it  is  demon- 
flrated,  that  the  Globe  is  |  of  a  Cylinder  of  the 
fame  Diameter  and  Altitude  :  Thus,  if  the  Cylin- 
der's Diameter  be  i,  and  its  Altitude  or  Length  be 
alfo  I,  find  the  Solidity  thereof,  and  talce  |  of  it,> 
and  that  will  be  the  Solidity  of  the  Globe  re- 
quired. Now  if  the  Diameter  be  i,  the  Area  of 
the  Circle^  or  Bafe  of  the  Cylinder,  is  .7854.  (as 
is  above  fliewn)  which  multiplied  by  i,  the  Alti- 
tude of  the  Cylinder,  and  the  Produ6l  is  alfo. 7854, 
the  Solidity  of  the  Cylinder  ;  |  whereof  is  .5236, 
which  is  the  Solidity  of  the  Globe,  whole  Diame- 
ter is   In 

Froai 
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From  what  has  been  faid,  the  Reader  may 
eafily  perceive  how  all  other  proportional  Num- 
bers are  found,  and  may  examine  them  at  his 
Pleafure. 

I  fhall  not  enlarge  any  farther  upon  the  Matter, 
but  leave  the  Book  to  fpeak  for  it/elf;  and  if  it 
prove  beneficial  to  tlie  ingenious  Pradlitioncrs, 
I  have  my  Defire.  Sa,  wifhing  my  ingenious 
Reader  good  Succefs  in  his  Endeavours,  not 
doubting  but  he  will  jreap  Profit  hereby  ;  which 
that  he  may,  is  the  hearty  Defire  of  his  Well- 
wiflier, 


W,   HAWNEY, 
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CHAP.    I. 

No  tat  ion  of  Decimals. 


A  Decimal  Fradlion  is  an  artificial  Way 
of  fetting  down  and  exprcfling  Natural, 
or  Vulgar  fradlions,  as  whole  Numbers  2 
And  whereas  the  Denominators  of  Vul- 
gar Fractions  are  divers,  the  Denomina- 
tors of  Decimal  Fradions  are  always  certain  :  For  a 
Decimal  Fradion  hath  always  for  its  Denominator  aa 
Unit,  with  a  Cypher  or  Cyphers  annexed  to  it,  and 
mull  therefore  be  either  lo,  loo,  looo,  loooo,  ^r. 
and  confequently  in  writing  down  a  Decimal  Fr,ad,i- 
on,  there  is  no  Neceflity  for  writing  down  the  Deno- 
minator ;  as  by  bare  Infpedion,  it  is  certainly  known, 
confiding  of  an  Unit  with  as  miny  Cyphers  annexed 
to  it  as  there  are  Places  (or  Figures)  in  the  Nume- 
rator. 

B  Example, 


2  Notation  (?/  Decimals.      Part  I. 

Example.  This  Decimal  Fraftion  -fV^  may  be  writ- 
ten thus  .25,  its  Denominator  being  known  to  be  an 
Unit  with  two  Cyphers;  becaufe  there  are  two  Fi- 
gures in  the  N  umeracor.  In  like  Manner,  -J5V0  may 
be  thus  written,  .125;  and  tV^7_5^  thus,  .3575  ;  and 
■j^54^thus,  .075;  and  tctoW  ^^"s,  .0065. 

As  whole  Numbers  increafe  in  a  decuple  or  ten-fold 
Proportion,  towards  the  Left-hand,  fo,  on  the  con- 
trary. Decimals  decreafe  towards  the  Right-hand  in 
a  decuple  Proportion,  as  in  the  following  Scheme. 
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76543210, 123456 

Hence  it  appears,  that  Cyphers  put  on  the  Right- 
hand   of  whole   Numbers,   increafe  the   Value   of 
thofe  Numbers  in  a  decuple  (or  ten-fold) Proportion : 
Bu.  being  annexed  to  the  Right-hand  of  a  Decimal 
Fraction,  neither  increafe   nor  decreafe  the  Value 
of  it :   SotVc^cto  ^*s  equivalent  to  yV»  or  .25.     And, 
en  the  contrary,  though  in  whole  Numbers,  Cyphers 
before    them,     neither    increafe    nor   diminiih    th. 
Value  ;  yet  Cyphers  before  a  decimal  Fradion  dimi- 
jiilh  its  Value  in  a  decuple  Proportion  :    For  .25, 
if  you  put  a  Cypher   before  it,  becomes  t%Vo  o*" 
.025  :  And .  1 25  is  ^-^-^-i^c*  by  prefixing  two  Cyphers 
thus,  ooi  25.     And  therefore,  when  you  are  to  write 
a  decimal  Fraflion,  whofe  Denominator  hath  more 
C/phers  than  there  are  Figures  in  the  Numerator, 
A  the 


'•^ 
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the  Places  of  fach  Figures  mull  be  fupplled  by  placing 
Cyphers  before  the  Figuics  of  your  Numerator;  as, 
fuppofe  iT.^-o  were  to  be  writt.n  down,  without  its 
Denominator;  here,  becaufe  there  are  three  Cyphers 
in  the  Denominator,  and  but  two  Figure;  in  the  Nu- 
merator, therefore  put  a  Cypher  before  19,  and  fet 
it  down  thus,  .oip- 

The  integers  are  feparated  from  the  Decim.ls  fe- 
veralWays,  according  to  Men's  Fancies;  bu:  the  befV 
and  moft  ufual  Way  is  a  Point  or  Period;  and  if 
there  be  no  whole  Number,  then  a  Point  beforii  the 
Fraftion  is  fufficicnt:  Thos,  ifyou  were  to  writedown 
317  tVoV  it  may  be  thur.  expreffed,  317.2  i  7  ;  and  ^9 
T^\V^  thus,  59.0025  ;  and  tvbW  thus,  .0075,  l^c, 

CHAP.     II. 

Redu£fion  of  D  e  c  i  p,i  a  l  s . 

IN  Redudion  of  Decimals  y  there  are  three  Cafes :  i  ft. 
To  reduce  a  Vulgar  Fradion  to  a  Decimal.  2dly, 
To  find  the  Value  of  a  Decimal  in  the  known  Parts 
of  Coin,  Weights,  Meafures,  l^c,  3dly,  To  reduce 
Coin,  Weights,  Meafures,  ^c,  to  a  Decimal.  Of 
thefe  in  their  Order. 

I.  1*0  reduce  a  Vulgar  Fra5Iion  to  a  Decimal, 

T^tf    R  U  L  E. 

As  the  Denominator  of  the  given  Fradlion  Is  to  its 
Numerator,  fo  is  an  Unit  (with  a  competent  Number 
of  Cyphers  annexed)  to  the  Decimal  required. 

Therefore,  if  to  the  Numerator  given,  you  annex 
a  competent  Number  of  Cyphers,  and  divide  the  Re- 

£  2  fulC 
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fultby  the  Denominator,  the  Quotient  is  the  Decimal 
equivalent  to  the  Vulgar  Fraftion  given. 

'Example  i .  Let  |  be  given,  to  be  reduced  to  a  De- 
cimal of  two  Places,  or  having  loo  for  its  Denomi- 
nator. 

To  3  (the  Numerator  given)  annex  two  Cyphers, 
and  it  makes  300 ;  which  divide  by  the  Denominator 
4,  and  the  Quotient  is  .75,  the  Decimal  re tj^uired,  and 
is  equivalent  to  \  given. 

Note^  That  fo  many  Cyphers  as  you  annex  to  the 
given  Numerator,  fo  many  Places  mull:  be  pricked  off 
in  the  Decimal  found;  and  if  it  fhould  happen,  that 
there  are  not  io  many  Places  of  Figures  in  the  Quo- 
tient, the  Deuciency  muH  be  fupplied,  by  prefixing 
Cyphers  to  the  Quotient  Figures,  as  in  the  nexc 
Example. 

Example  2.  Let  jl^  be  reduced  loaDecimal  hav* 
itng  fix  Places. 

To  the  Numerator  annex  ilx  Cyphers,  and  divide 
by  the  Denominator,  and  the  Quotient  is  5235;  but 
it  was  required  to  have  fix  Places,  therefore  you  muft 
put  two  Cyphers  before  it,  and  then  it  will  be 
005235,  which  is  the  Decimal  required,  and  is  equi- 
valent to  -j^-j. 

See  the  Work  of  thefe  two  Examples. 

4)3-oo(-7S  573)3.000000(005235 

28  ... 


20  1350 

20  2040 

— ^  3210 


345 

In  the  fccond  Example  there  remains  345,  which 
Kemainder  is  very  infignificant,  it  being  lefs  than 
i«bVc  a  Part  of  an  Unii,  and  therefore  is  rejected.     : 


Chap.  2.     ReduHion  d?/ Decimals.  5 

II.  To  find  the  Value  of  a  Becimalin  theknoivn 
Parts  of  Money i  IVeighty  Meajure^  &c. 

"     The    RULE. 

Multiply  the  given  Decimal  by  the  Number  of 
Parts  in  the  next  inferior  Denomination,  and  from 
the  Produd  prick  oiF  fo  many  Places  to  the  Right- 
hand  as  there  were  Places  in  the  Decimal  given  ; 
and  multiply  thofe  Figures  pricked  off  by  the  Number 
of  Parts  in  the  next  inferior  Denomination,  and  prick 
ofFfo  many  Places  as  before,  and  fo  continue  to  do, 
till  you  have  brought  it  to  the  lovveil  Denomination 
required.    . 

Example  \,  Let  .7565  of  a  Pound  Sterling  be  given 
to  be  reduced  to  Shillings,  Pence,  and  Farthings. 

Mulciplv  by  20,  by  12,  and  by  4,  as  the  Rule dire(fl3, 
and  always  prick  off  four  Places  to  the  Right-hand, 
andyou  will  iind  it  make  15^-.  \d,zq.  See  the  Work. 

.7565 
20 


15.1300 
iz 
d. 


1.5600 
4 

q.  

2.2400 

A  more  compendious  Way  of  finding  the  Value 
of  the  Decimal  of  a  Pound  Sterling, 

Double  the  firft  Figure,  (or  Place  of  Primes)  and 
It  makes  fo  many  Shillings;  and  if  the  next  Figure 
(or  Place  of  Seconds)  be  5,  or  more  than  5,  for  the 
5  add  another  Shilling  to  the  former  Shillings;  then 

B  3  fcr 
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for  every  Unit  in  the  fecond  Place  count  ten,  and  to 
that  add  the  Figure  in  the  third  Place,  and  reckon 
that  fo  many  Farthings;  but  if  they  make  above  13, 
abate  1 ;  and  if  it  be  above  38,  abate  2,  and  add  the 
remaining  Farthings  to  the  Shillings  before  found. 

Example  i.  Let  .695  of  a  Pound  be  reduced  to 
Shillings,  Pence,  and  Farthings. 

Firft,  Double  your  6,  and  it  makes  it  1  2s.  then  take 
5  out  of  9,  and  for  that  reckon  another  Shilling,  and 
IX  makes  13/.  and  the  4  remaining  is  four  Tens,  and 
the  5  makes  45,  which  being  above  38,  you  mull 
therefore  call  away  2,  and  there  reft  43  Farthings, 
which  is  10^.  |.     So  the  Anfwer  is  1 3  j.  \od.\ 

I.  s.     d. 

So  the  Value  of  .725   rz  14    6 
And  the  Value  of  .878  ==   17     6| 
Andthe  Value  of  .417  =84 
And  fo  of  any  other. 

Let  .59755  of  a  Pound  Troy  be  reduced  to  Ounce.% 
Penny-weights,  and  Grains. 

Multiply  by  12,  by  20,  and  by  24,  and  always 
prick  off  five  Places  towards  the  Right-hand,  and  you 
will  find  the  Anfwer  to  be  7  ct:.,  ^pivts,  \Qgr.Jsr(, 
tiee  the  "Work. 

•59755 
12 


7.17060 

20  0^,  pi'Jts.    gr. 

■■■  '»  Facit      7      3     Q.iSiS. 


3,41200 
24 

1 64800 
82400 

5.88800 


L«t 
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Let  .43569  of  a  Ton  be  reduced  to  Hundreds, 
Quarters,  and  Pounds. 

Multiply  by  20,  by  4,  and  by  28,  and  the  Anfwer 
will  be  8  C*.  2  grs.  23  lb,fer}, 

•43569 
20 


8.71380 

4  C.  qrs.   Ih. 

Facit.   8      2      23.9456 


2.85520 
28 

23.94560 


Let  .9595  of  a  Foot  be  reduced  into  Inches  and 
Quarters. 

•959? 

12 


II. 5140 

4  Facit  1 1  Inches,  2  Quarters. 


2.0560 


III.  ^0  reduce  the  kyiown  Parts  of  Money ^ 
Weighty  Meafurey  he,  to  a  DecimaL 

The    R  U  L  E. 

To  the  Number  of  Parts  of  the  lefTer  Denomina- 
tion given,  annex  a  competent  Number  of  Cyphers, 
and  divide  by  the  Number  of  fuch  Parts  that  are 
contained  in  the  greater  Denomination,  to  which  the 
Decimal  is  to  be  brought  j  and  the  Quotient  is  the 
Decimal  fought. 

Example 
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Example  i.     Let  6^.  be  reduced  to  the  Decimal 

of  a  Pound. 

To  6  annex  a  competent  Number  of  Cyphers  (fup- 
pofe  3),  and  divide  the  Refult  by  240  (the  Pence  in  a 
Found),  and  the  Quotient  is  the  Decimal  req^uired. 

24o)6.oo|a(.025 

1200 
'  Facli  .025 


Example  2.  Let  3  ^.  f  be  reduced  to  the  Decimal 
of  a  Pound,  having  fix  Places. 

In  3  <3'.  I  there  are  fifteen  Farthings,  therefore  to 
15  annex  fix  Cyphers  (becaufe  there  are  to  be  jfix 
Places  in  the  Decimal  required),  and  divide  by  960 
(the  Farthings  in  a  Pound),  and  the  Quotient  is 
.015625. 

96I0)  15. ooooolo(. 015625 


540 

600 


240 

480 


Example  2,     Let  3  |  Inches  be  reduced  to  the  De- 
cimal of  a  Foot,  confiding  of  four  Places. 

In  3  I  Inches,  there  are  13  Quarters  ;  therefore  to 
1 3  an nex  four  Cyphers,  and  divide  by  48  (the  Quar- 
ters in  a  Foot),  and  the  Quotient  is  .2708. 
48)13.0000(2708 


Example 
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Example^.  LetgC.  \  qr.  \6  IB.  be  reduced  to  the 
Decimal  of  a  Ton,  having  iix  Places. 

C.   qu.   Ih. 

9  1  16      2240)1052.0000010(469642 
4  


37  qrs*  ,         15600 
28  2  J  600 

— —  14400 

302  560CO 

75  6400 


1052  Pounds.  1920 

CHAP.    III. 

Addition  c/ Decimals. 

ADDITION  of  Decimals  is  performed  the 
fame  Way  as  Addition  of  whole  Numbers, 
only  you  muft  obferve  to  place  your  Numbers  right, 
that  is.  Units  under  Units,  Primes  under  Primes, 
Seconds  under  Seconds,  ^r. 

Example.    161317.25,  17.125,275.5,  47-3S79* 
and  1 2.75*  be  added  together  into  one  Sum. 

317.25 
17.125 

275.5 

47-3579 
12.75 


Sum  669  9829 

This  is  fo  plain,  that  J  think  more  Examples 
needJefs. 

CHAP. 
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CHAP.    IV. 

Suhtra5fion  c/ Decimals, 

SUBTRACTION  of  Decimals  is  llkewife 
performed  the  fame  Way  as  in  whole  Numbers, 
refpedl  being  had  (as  in  Addition)  to  the  right  placing 
the  Numbers,  as  in-  the  following  Examples. 

„       (0  (2) 

From  212.0137  From  201.1250 

Subtr.   31.1275  Subtr.     5.5785 

Refls    180.8862  Refls   195.5465 

Proof  212.0137  Proof  201.1250 


.   (3)  (4) 

From  2051.315  From     30.5 

Subtr.     79.172  Subtr.     7.2597 

Rells    1972.143  Refts     23.2403 

Proof  2051.315  Proof    30.5 


Neie,  If  the  Number  of  Places  in  the  Decimals 
be  more  in  that  which  is  to  be  fubtraded,  than  in 
that  which  you  fubtra(5l  from,  you  mult  fuppofe 
Cyphers  to  make  up  the  Number  of  Places,  as  in 
the  fourth  Example, 


CHAP. 
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CHAP.    V. 

Multiplication  c/  D  e  c  i  m  a  l  s. 

MULTIPLICATION  of  Decimals  is  alfo 
performed  the  fame  Way  as  Multiplication  of 
whole  Numbers ;  but  to  know  the  Value  of  the 
Produd,  obferve  this  Rule. 

Cut  off,  or  feparate  'by  a  Comma  or  Point,  {o 
many  decimal  Places  in  the  Produdt,  as  there  are 
Places  of  Decimals  in  both  Fa6lors,  'viz.  both  in 
the  Multiplicand  and  Multiplier;  which  I  fhall  fur- 
ther explain  in  the  following  Examples. 

Let  3.125  be  multiplied  by  2.75  ;  multiply  the 
Numbers  together,  as  if  they  were  whole  Numbers, 
and  theProdudlis  8,59375:  And  becaufe  there  were 
three  Places  of  Decimals  pricked  off  in  the  Multi- 
plicand, and  two  Places  in  the  Multiplier,  there- 
lore  you  mull:  prick  off  five  Places  of  Decimals  in 
the  Produ<^,  as  you  may  fee  by  the  Work. 


2.75 


15625 
21875 
6250 

8-59375 


Let 
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Let  79  25  be  multiplied  by  .459. 
In  this  Example,  becaufe  two  Places  of  Decimals 
are  pricked  off  in  the  Multiplicand,  and  three  in 
the  Multiplier,  therefore  there  muft  be  five  prickei 
ofFin  the  Produd. 

79.25 

•459 


7»325 
39625 

51700 

36.37575 

Let  .135272  be  multiplied  by  .00425. 

In  this  Example,  becaufe  in  the  Multiplicand  are 
fix  decimal  Places,  and  in  the  Multiplier  five  Places ; 
therc^fore  in  the  Produft  there  muft  be  eleven  Places 
of  Decimals  ;  but  when  the  Multiplication  is  finifh- 
ed,  the  Produft  is  but  57490600,  'viz.  only  eight 
Places;  therefore,  in  this  Cafe,  you  muft  put  three 
Cyphers  before  the  Product  Figures,  to  make  up 
the  Number  of  eleven  Places :  So  the  true  Product 
will  be  .00057490600, 

.135272 
.00425 

676360 
270^44 
541088 


.00057490600 


/" 


More 
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More  ExampUsfor  PraSlice, 


.001472 

.1045 

.017532 
347 

7360 
5888 
14720 

122724 
70>28 
52596 

.0001538240 

6.083604 

279.25 

•445 

32.0752 
.0325 

139625 
111700 
III  700 

1603760 
641504 
962256 

124.26625 

1 .04244400 

4-443 
15.98 

35544 
39987 

222*5 

4443 

20.0291 
35-45 

1001455 
801 164 

1001455 

600873 

70.99914 

710.031595 

7-3564 
.0126 

•75432 
.0356 

441384 

147128 

73564 

452592 
377160 
226296 

.09269064  .026853792 


Con- 
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Contraded  Multiplication  of  Deciraals, 

Becaufe  in  Multiplication  of  Decimal  Parts,  and 
mixed  Numbers,  there  is  no  need  to  exprefs  all  the 
Figures  of  the  Pro'^ud,  but  in  moft  Cafes  two,  three, 
or  four  Places  of  Decimals  will  be  fufEcient ;  there- 
fore, to  contradl  the  Work,  obferve  the  following 

RULE. 

Write  the  Unit's  Place  of  the  Multiplier  under 
that  Place  of  the  Multiplicand,  which  you  intend 
to  keep  in  the  Produd  ;  then  invert  rhe  Order  of  all 
the  other  Figures;  that  i-,  write  them  all  the  con- 
trary Way  ;  and,  in  multiplying,  begin  always  at 
that  Figure  in  the  Multiplicand  which  ftands  over 
the  Figure  you  arc  then  multiplying  withal,  and  fet 
down  the  firil  Figure  of  each  particular  Produft  di- 
reftly  one  under  the  other:  But  yet  a  due  Regard 
muft  be  had  to  the  Increafe  arifing  from  the  Figures 
on  the  Right-hand  of  that  Figure  in  the  Multiplicand 
which  you  begin  to  multiply  at.  This  will  appear 
more  plain  by  Examples. 

Example  I.  Let  2,38645  be  multiplied  by  8.2175, 
and  let  there  be  only  four  Places  retained  in  the 
Decimals  of  the  Produd. 

Firft,  according  to  the  Diredions,  write  down  the 
Multiplicand,  and  under  it  write  the  Multiplier, 
thus  ;  place  the  8  (being  the  Unit's  Place  of  the 
Multiplier)  under  4,  the  fourth  Place  of  Decimals 
in  the  Multiplicand,  and  write  the  reft  of  the  Figures 
quite  contrary  to  the  ufual  Way,  as  in  the  following 
Work  :  Then  begin  to  multiply,  firfl:  the  5  which  is 
left  out  (only  with  regard  to  the  Increafe  which  muft 
be  carried  from  it)  ;  faying,  8  times  5  is  40  ;  carry 
4  in  your  Mind,  and  fay,  8  times  4  is  32,  and  4  I 
carry,  is  36  ;  fet  down  6,  and  carry  3,  and  proceed 
through  the  reil  of  the  Figures  as  in  common  Mul- 
tiplication : 
2 
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tiplication  :  Then  begin  to  multiply  with  2  ;  fiying, 
2  times  4  is  S,  for  which  I  cany  i,  (becaufe  it  is 
above  5),  and  fay,  2  times  6  is  12,  and  1  thit  X 
carry  is  i  3  ;  fet  down  3,  and  carry  1,  and  prote-d 
through  the  rellof  the  Figures:  Then  multiply  with 
I  ;  faying,  once  6  is  6,  for  which  I  carry  1,  and  fay, 
once  8  is  8,  and  1  is  9  ;  fet  down  9,  and  proceed: 
Then  multiply  with  7;  faying,  7  times  8  is  56,  for 
which  carry  6  (becaufe  it  is  above  55),  and  fay,  7 
times  3  is  21,  and  6  that  I  carry  is  27  ;  fet  down  7, 
and  carry  2,  and  proceed  ;  then  multiply  with  5  ; 
faying,  5  times  3  is  1  5,  for  which  carry  2,  and  fay, 
5  times  2  is  10,  and  2  1  carry  is  12,  which  fet  down, 
and  add  all  the  Produds  together;  and  the  total 
Frodud  vvill  be  19.6107.     See  the  Work. 


2.38645 

5712.8 

19.0916 

4773 

239 

167 

12 

19.6107 

Note^  That  in  multiplying  the  Figure  left  out 
every  Time  next  the  Right-hand  in  the  Multipli- 
cand, if  the  Produdl  be  5,  or^ upwards  to  10,  you 
carry  i  ;  and  if  it  be  15,  or  upwards  to  20,  carry 
2;  and  if  25,  or  upwards  30,  carry  3,  l^c. 

I  have  here  fet  down  the  Work  of  the  lail  Ex- 
ample, wrought  by  the  common  Way,  by  which 
you  may  fee  both  the  Reafon  and  Excellency  of  this 
Way,  all  the  Figures  on  the  Right-hand  of  the 
Line  being  wholly  omitted. 

C  2  '  2.38645 


i6 


Contra  tied  MultipUc  alien. 

Part  I. 

2.38645 

8.2175 

1 1 

93225 

167 

05  J5 

238 

Hs 

4772 

90 

190916 

0 

I9.6I06I52S75 

Example  2.  Let  375' 1 3758  be  multiplied  by 
16.7324,  fo  that  the  Frodud  may  have  but  four 
Places  of  Decimals. 

Firft,  fet  6,  the  Unit's  Place  of  the  Multiplier, 
under  5,  being  the  fourth  Place  of  Decimals  in  the 
Multiplicand  (becaufe  four  Places  of  Decimals  were 
to  be  preferved),  and  Vv'rite  all  the  reft  of  the  Figures 
backward.  Then  multiply  all  the  Figures  of  the 
Multiplicand  by  1,  after  the  common  Way.  Then 
begin  with  the  fecond  Figure  of  the  Multiplier  6; 
faying,  6  times  8  is  48,  for  which  I  carry  5  (in  re- 
fpect  of  the  8  left  out),  and  6  times  5  is  30,  and  5 
that  I  carry  is  35  ;  fet  down  5  and  carry  3,  and  pro- 
ceed after  the  common  Method.  Then  begin  with 
7,  the  third  Figure  of  the  Multiplier,  and  fay  7 
times  5  is  35,  for  which  carry  4,  and  fay  7  times  7 
is  49,  and  4  1  carry  is  5>3  ;  fet  down  3  under  the 
firil,  and  carry  5,  and  proceed  as  before.  Then 
begin  with  3,  the  fourth  Figure  of  the  Multiplier, 
and  fay  3  times  7  is  21,  carry  2,  and  fay  3  times  3 
is  9,  and  2  I  carry  is  1 1  ;  fee  down  i  and  carry  i, 
and  proceed  as  before.  Then  begin  with  2,  the  fifth 
Figure,  and  fay  2  times  3  is  6,  for  which  I  carry  i, 
and  fay  2  times  1  is  2,  and  1  1  carry  is  3  ;  fet  down 
3,  and  2  times  5  is  10  ;  fet  down  o,  and  carry  i, 
and  proceed  as  before.  Then  begin  with  4,  the  laft 
Figure  of  the  Multiplier,  and  fay  4  timer.  1  is  4,  for 
which  1  carry  nothing,  becaufe  it  is  iefs  than  5  : 

Then 
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Then  fay  4  times  5  is  20;  fet  down  o,  and  carry  2, 
and  proceed  thro'  the  leil  of  the  Figures  of  the 
Multiplicand.  Then  add  all  up  togetiier,  and  the 
Produdt  is  6276.9520.     See  the  Work. 

375.13758  the  Multiplicand. 

4237.61   the  Multiplier  reverfed. 

37513758   the  Prcdu(fl  with  1. 

22508255   the  Product  with  6  increafed  with  6  X  8.- 
26259^3^   the  Produd  with  7  increafed  with  y  ^  S^ 
II 254 1    the  Product  with  3  increafed  with  3  x  7. 
7503   the  Produft  with  2  increafed  with  2  X  3. 
J  500  the  Product  with  4  increafed  with  o. 


6276.9520   the  Produft  required. 


Let  the  fame  Example  be  repeated,  and  let  only 
one  Place  in  Decimals  be  pricked  off. 

375.13758   the  Multiplicand. 
4237.61  the  Multiplier  reverfed. 

37514  the  Produflby  1  with  the  Increafe  of  i  X  7. 

22508  the  f'rodudt  with  6  increafed  with  6x3. 

2626  the  Product  with  7  increafed  with  7   x   J. 

113   the  Proaut^l  with  3  increafed  with  3X5. 

7   the  Produd  with  2  increafed  with  2X7. 

I    the  Incrcife  only  of  4  X  3. 


6276.9  the  Produd  is  the  (nme  as  before. 


^  3  Mbve 
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Alore  Examples  for  Pra5lic€, 

Multiply  395.3756  by  .75642  ;  and  prick  oiF  four 
Places  in  Decimals. 

395  3756  the  Multiplicand-. 
2^b^y.     the  Multiplier  reverfcd. 

2767629  the  Produd  by  7  increafed  with  -j  X  6. 

1976B8  the  Product  by  5  increafed  with  5X5. 

23722  the  Produdl  by  6  increafed  with  6X7' 

1581  the  Produdl  by  4  increafed  with  4X3. 

79  the  Produd  by  2  increafed  with  2X5. 


299.0699  the  Product  required. 


Let  the  fame  Example  be  repeated,  and  let  there 
be  only  one  Place  of  Decimals. 

39S-37S^ 

24657. 

2767  the  Product  by  7  increafed  with  7X3. 

198  the  Produd  by  5  increafed  with  5X5. 

24  the  Produdby  6  increafed  with6X9-l-6  X  5. 

2  the  Increafe  of  4  X  9  +  4  X  3. 


299.1  the  Product. 


Chara^irSi 
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Chara^erSy  and  their  Signification, 

NotCf  That  this  Mark  -f  fignlfies  Addition  ;  as 
8  -f  5,  that  is,  8  more  5,  or  8  added  to  5  ;  and 
8  -^  ^  _|-  -r,  denotes  thefe  Numbers  are  to  be  added 
into  one  Sum. 

This  Mark  —  fignifies  SubtracSlion,  as  9  —  4 
fignifies  that  4  is  to  be  taken  from  9. 

This  Mark  X  Tignifies  Multiplication,  as  7X5 
fignifies  that  7  is  to  be  mul'.iplied  by  5. 

This  Mark  -r-  fignifies  Divifion,  as  12-7-4  fig- 
nifies 12  is  to  be  divided  by  4. 

This  Mark  =  fignifies  Equality,  or  Equation; 
that  is,  when  zz  is  placed  between  Numbers,  or 
Quantities,  it  denotes  tfiem  to  be  equal,  as  7  -f-  5 
:z:i2,  that  is,  7  more  5  is  equal  to  i  2  ;  and  15  —  7 
n  8,  that  is,  15  lefs  by  7,  is  equal  to  S,  or  fub- 
traft  7  from  15  and  there  remains  8. 

This  Mark  ::  is  the  Sign  of  Proportion,  or  the 
Golden  Rule,  it  being,  always  placed  betwixt  the 
two  middle  Terms  or  Numbers  in  Proportion  ;  thus 
4  :  20  :*.  6  :  30,  to  be  thus  read,  as  4  is  to  20,  fo 
is  6  to  30. 

C  H  A  P.    VI. 

Divijion  <?/  D  e  c  i  m  a  l  s.. 

DIVISION  of  Decimals  is  performed  after  the 
fame  Manner  as  Divifion  of  whole  Numbers ; 
but  to  know  the  Value  or  Denomination  of  the 
Quotient,  is  the  only  Difiiculty  ;  for  the  refolving 
oi  which,  obferve  either  of  the  following 

RULES. 
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RULES. 

I.  The  firft  Figure  in  the  Quotient  mufl:  be  of  the 
fame  Denomination  with  that  Figure  in  the  Dividend 
which  llands  (or  is  fuppofed  to  fland)  over  the  Unit's 
Place  in  the  Divifor,  at  the  firft  feeking. 

If.  When  the  Work  of  Divifion  is  ended,  count 
how  many  Places  of  Decimal  Parts  there  are  in  the 
Dividend  more  than  in  the  DiviTor  ;  for  that  Ex- 
cefs  is  the  Number  of  Places  which  mull  be  feparated 
in  the  Que'Hon  for  Decimals .  But  if  there  be  not 
fo  many  Figures  in  the  Quotient  as  there  are  in  the 
faid  d-xcefs,  that  Deficiency  muft  be  fuppiied,  by 
placing  Cyphers  before  the  fignificant  Figures,  to- 
wards the  Left-hand,  with  a  Point  before  them  ; 
and  thus  you  will  plainly  difcover  the  Value  of  the 
Quotient. 

T^heje  fcllovjing  DlreHions  ought  alfo  to  be  carefully 

ohferved. 

If  the  Divifor  confifts  of  more  Places  than  the 
Dividend,  there  muil  be  a  competent  Number  of 
Cyphers  annexed  to  the  Dividend,  to  make  it  confill 
of  as  many  (at  leait)  or  more  Places  of  Decimals 
than  the  Divifor  ;  for  the  Cyphers  added  mull  be 
reckoned  as  Decimals. 

Confider  whether  there  be  as  many  Decimal  Parts 
in  the  Dividend  as  there  are  in  the  Divifor  ;  if  there 
be  not,  make  them  fo  many,  or  more,  by  annex- 
ing of  Cyphers. 

In  dividing  of  whole  or  mixed  Numbers,  if  there 
be  a  Remainder,  you  may  bring  down  more  Cyphers ; 
and,  by  continuing  your  Divifion,  carry  the  Quotient 
to  as  many  Places  of  Decimals  as  you  pleafe. 

Thefe  Things  being  confidered,  I  Ihall  proceed 
to  the  Pratlice  of  Divifion  of  Decimals,  which  I 
/hall  endeavour  to  explain  in  as  familiar  and  eafy  a 
Method  as  poflible, 

t,xamplt 
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Example  I.     Let  48  be  divided  by  144. 

In  this  Example  the  Divifor  144  is  greater  than 
the  Dividend  48  ;  therefore,  according  to  the  Di- 
redlions  above,  I  annex  a  competent  Number  of 
Cyphers  [njiz.  four),  with  a  Point  befor«  them,  and 
divide  in  the  ufual  Way. 

i44)48.oooo(.3333 

480 
480 


48 

But,  firfl,  in  feeking  how  often  144  in  48.0  (the 
firft  three  Figures  of  the  Dividend),  I  find  the 
Unit's  Place  of  the  Divifor  to  fall  under  the  firfl 
Place  of  Decimals ;  therefore  the  firft  Figure  in  the 
Quotient  is  in  the  firft  Place  of  Decimals:  Or,  by 
the  fecond  Rule,  there  being  four  Places  of  Deci- 
mals in  the  Dividend,  and  none  in  the  Divifor  ;  fo 
the  Excefs  of  decimal  Places  in  the  Dividend,  above 
that  in  the  Divifor,  is  four;  fo  that  when  the  Di- 
vifion  is  ended,  there  muft  be  four  Places  of  Deci- 
mals in  the  Quotient.     See  the  Work. 

Example  2.     Let  217.75  ^^  divided  by  65. 

Firft,  it  feeking  how  often  65  in  2 1 7  (the  firft  three 
Figures  of  the  Dividend),  1  find  the  Unit's  Place  of 
the  Divifor  to  fall  under  the  Unit's  Place  of  the  Di- 
vidend ;  therefore  the  firft  Figure  in  the  Quotient 
will  be  Units,  and  all  the  reft  Decimals :  Or,  by  the 
fecond  Rule,  there  being  two  Places  of  Decimals  in 
the  Dividend,  and  no  Decimals  in  the  Divifor,  there- 
fore the  Excefs  of  Decimal  Places  in  the  Dividend, 
above  the  Divifor,  is  two;  fo  when  the  Divifion  is 
ended,  feparate  two  Places  in  the  Quotient,  towards 
the  Right-hand  by  a  Point.     See  the  Work. 

6s) 
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227 
325 


E,\ample  3.  Let  ^^7'^S97S  be  divided  by  13.25. 
13.25)267.15975(20.163 


2159 

S347 
3975 

•    •   •    • 


In  this  third  Example,  the  Unit's  Place  ortheDi- 
vifor,  falls  under  6,  the  Ten's  Place  of  the  Dividend; 
therefore  (by  the  firft  Rule)  the  firfl.  Figure  in  the 
Quotient  is  Tens :  Or,  by  the  fecond  Rule,  the  Ex- 
cefs  of  Decimal  Places  in  the  Dividend,  above  the 
Divifor,  is  three;  there  being  five  Places  of  Deci- 
mals in  the  Dividend,  and  but  two  in  the  Divifor,  fo 
there  muil  be  three  Places  of  Decimals  in  the  Quotient . 

M X  ample  \*  Let  15.675159  be  divided  by  375.89. 
375. 89)15. 675i59(.o4i7 


63955 
263669 


546 

la 
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In  this  fifth  Example,  the  Unit's  Place  of  the  Di- 
vifor,  falls  under  7,  the  fecond  Place  of  Decimals 
in  the  Dividend  ;  therefore  (by  the  firft  Rule)  the 
firfl  Figure  in  the  Quotient  is  in  the  fecond  Place  of 
Decimals  ;  fo  that  you  mull  put  a  Cypher  before  the 
firft  Figure  in  the  Quotient ;  and  by  the  fecond 
Rule,  the  Excefs  of  decimal  Places  in  the  Dividend 
above  the  Number  of  decimal  Places  in  the  Divifor 
is  4  ;  for  the  decimal  Places  in  the  Dividend  arc  6, 
and  the  Number  of  Places  in  the  Divifor  but  two  ; 
therefore  there  muft  be  four  Places  of  Decimals  in 
the  Quotient :  But  the  Divifion  being  finiihed  after 
the  common  Way,  the  Figures  in  the  Quotient  are 
but  three,  therefore  you  mull  put  a  Cypher  before 
the  fignificant  Figures. 

I 

Example  5.     Let  72.1564  be  divided  by  .1347. 
•J347)72->564(S35-^^ 


4806 

7^54 
9190 

11080 

In  this  Example,  the  Divifor  being  a  Decimal,  the 
I  ft  Figure  falls  under  the  Ten's  Place  in  the  Divi- 
dend, therefore  the  Units  (if  there  had  been  any) 
fhould  fall  under  the  Hundred's  Place  in  the  Divi- 
dend, and  fo  the  firll  Figure  in  the  Quotient  is 
Hundreds.  And,  by  the  fecond  Rule,  there  being 
four  Placesof  Decimals  in  the  Dividend,  and  as  many 
in  the  Divifor,  fo  the  Excefs  is  nothing ;  but  in 
dividing  I  put  two  Cyphers  to  the  Remainders,  and 
continue  the  Divifion  to  two  Places  further;  fo  X 
have  two  Places  of  Decimals.    See  the  Work. 

ExampU 
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Example  6.     Let  .125  be  divided  by  .0457. 

.0457). 1250000(2.735 
914 ... 


3360 
3199 

I6IO 

I37I 

2390 

2285 

105 

In  this  Example,  the  Unit's  Place  of  the  Divifor 
(if  there  had  been  any)  would  fall  under  the  Unit's 
Place  of  the  Dividend  ;  therefore  the  firll  Figure  of 
the  Quotient  is  Units.  And,  by  the  fecond  Rule, 
there  being  feven  Places  of  Decimals  in  the  Divi- 
dend, and  but  four  Places  in  tke  Divifor,  fo  the 
Excels  is  three ;  therefore  there  muft  be  three  Places 
of  Decimals  in  the  Quotient. 

I  fhall  fet  down  only  the  Work  of  fome  few  Ex- 
amples more,  and  fo  proceed  to  Contra^ed  Divijion. 

.00456). 0000059791  (.00131 


1419 


55 


Let 
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Let  Unity  be  divided  by  282. 
282)  I  .ooooooo(.oo3546i  y^rtf. 


1540 
1300 
1720 
280 


,325). 400000(1. 2307 


75c> 

1000 

2500 


225 


,042)495.00000(11785.71 


75 

330 

360 

240 
300 
60 

1% 


S*  Dimjt, 


'torn 
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DivifiGn  (?/ Decimals  contracied, 

IN  Divifion  of  Decimals  the  common  Way,  when 
theDivifor  hath  many  Figures,  and  it  i?  required 
to  craiinue  the  Divilion  till  the  value  of  the  Remain- 
der be  but  fmall,  the  Operation  will  fometimes  be 
long  and  tedious,  but  may  be  excellently  con  traced 
by  the  following  Method. 

rhe    R  U  L  E. 

By  the  firll  Rule  of  this  Chapter  \Page  20),  find 
what  is  the  Value  of  the  iiril  Figure  in  the  Quotient: 
then,  by  knowing  the  iirfl  Figure's  Denomination, 
you  may  have  as  many  or  as  few  Places  of  Decimals 
as  you  pleafe,  by  taking  as  many  of  tiie  Left- hand 
Figures  of  the  Divifor  as  you  think  convenient  for  the 
£rfl  Divifor;  and  then  take  as  many  Figures  of  the 
Dividend  as  will  anfwer  them  ;  and,  in  dividing,  omit 
one  Figure  of  the  Divifor  at  each  following  Opera- 
tion.    A  few  Examples  will  make  it  plain. 

Example  \,  Let  721.17562  be  divided  by  2.257432; 
snd  let  there  be  three  Places  of  Decimals  in  the  Quo- 
tient. 


2.257432 
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2. 25743)72r. 175162(319. 467 
677229 


43946 
2257+ 

2 1'37  2 
203 1 7 


In  this  Example,  the  Unit's  Place  of  the  Divifor 
falls  under  the  Hundred's  Place  in  the  Dividend,  and 
it  is  required,  that  three  Places  of  Decimals  be  in  tht 
Quotient,  fo  there  mull  be  fix  Places  in  all;  that  is, 
three  Places  of  whole  Numbers,  and  three  Places  of 
Decimals.  Then,  becaufe  I  can  have  the  Divifor  in 
the  firft  fix  Figures  of  the  Dividend,  I  cut  off  the  6» 
withaDa(hofthePen,as  ufelefs ;  then  I  fee k  how  often 
the  Divifor  is  in  the  Dividend,  and  the  Anfweris  three 
times  ;  put  3  in  the  Quotient,  and  multiply  and  jub- 
traft  as  in  common  Divifion,  and  the  Remainder  is 
43946.  Then  prick  off  the  3  in  the  Divifor,  and 
feek  how  often  the  remaining  Figures  may"be  had  in 
4394.6,  the  Remainder,  which  can  be  but  once ;  put 
I  in  the  Quotient,  and  multiply  and  fubtraft,  and  fhe 
next  Remamder  is  21372.  Then  prick  off  the  4  in 
the  Divifor,  and  feek  how  often  the  remaining  Fi- 
gures may  be  had  in  21372,  which  will  be  9  times; 
put  9  in  the  Quotient;    multiply   thus,    laying  9 

D  2  times 
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times  4  is  36,  for  which  I  carry  4  (in  refpe(5l  of  the 
4  iaft  pricked  off),  and  9  times  7  is  63,  and  4  is  67  ; 
fet  down  7,  and  carry  6,  and  fo  proceed  till  the  Di- 
vision be  finiflied,  always  refpefling  thelncreafe  made 
from  the  Figures  pricked  oiF.  Obferve  the  Work^ 
which  will  better  inform  you  than  many  Words* 

2'25743)72i. 17562(3 19.467 

•   •   • 

677229 


43946 

22574 


21372 
203 1 6 


10 


)5 


6 
3 

!L 

450 
902  972 


'35 

*7 
15 


47?o 
445^ 


03220 
80201 


23019 


I  have  fet  down  the  Work  of  this  Iaft  Example  at 
large,  according  to  the  common  Way,  that  thereby 
the  Learner  may  fee  the  Reafon  of  the  Rule,  all  the 
Figures  on  the  Right-hand  Side  the  perpendicular 
Line  being  wholly  omitted. 


ExatnpU 


Chap.  6.       Contra^ed  Dhifton.  29 

Example!  Let  5  171.59165  bedivided  by  8.75861 5; 
and  let  it  be  required,  th^t  four  Places  of  DeciiRiils 
be  pricked  off  in  the  Quotient. 

8.758615)5171.591615(590-4577 


43793075 

7922841 

7882754 

40087 

35034 

5053 

4379 

674 
613 

61 
61 

Tn  this  Example,  I  can^t  have  8,  the  firft  Fi*q;ure  in 
the  Divifor,  in  5,  the  fiill  Figure  of  the  Dividend  ; 
fo  that  the  Unit's  Place  of  the  Diviibr  falls  under  the 
Hundred's  Place  in  the  Dividend  ;  fo  that  there  will 
be  feven  Figures  in  the  Quotient ;  that  is,  three  of 
whole  Numbers,  and  four  of  Decimals;  therefore 
there  mud  be  feven  Figures  in  the  Divifor  (bectufe 
the  Numberof  Places  in  rhe  Divifor  and  Quotient  will 
be  '°:^ual),  and  there  mat  be  eight  Places  in  ihj  Divi- 
dend ;  ib  that  [  cut  oft"  the  Figure  5  with  a  Dai]>,  as 
ufelef  .  Thus  having  proportioned  the  Dividend  to 
the  Divifor,  and  both  to  the  Number  of  Places  or 
Figures  defiied  in  the  Quotient,  I  proceed  to  divide 
as  before  ;  faying  how  oken  8  in  5  i ,  wriich  will  t  «•  r 
times  J  put  5  ill  the  Quotient,  and  multiply  and  fub- 

1^3  tr-iLt, 
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trafl,  and  the  Remainder  is  7922841 .     Then  I  prick 
off  the  firft  Figure  in  the  Divifor,  5,  and  feek  how 
often  the  remaining  Figures  of  the  Divifor  in  the 
aforefaid  Remainder,  which  I  find  nine  times  j  put  9 
in  the  Quotient,  and  multiply  thereby,  faying  9  times 
5  (the  Figure  pricked  off)  is  45,  for  which  I  carry  5, 
and  fay  9  times  1  is  9,  and  5  I  carry  is  14;  fet  down 
4,  and  carry  1 ,   and  proceed  to  multiply  the  reft  of 
the  Figures,  and  fubtraft,  and  the  Remainder  will  be 
40087.     Then  prick  off  the  Figure  i ,  and  feek  how 
often  S7586  in  the  Remainder  40087, the  Anfwerwill 
be  o  ;   fo  put  o  in  the  Quotient,  and  prick  off  the 
Figure  6,  and  feek  how  often  8758  in  40087,  which 
will  be  fcur  times ;  put  4  in  the  Quotient,  and  mul- 
tiply, faying,  4  times  6  (the  Figure  laft  pricked  off) 
is  24,  for  which  I  carry  2,   and  fay  4  times  8  is  32, 
r.nd  2  I  carry  is  34 ;  fet  down  4,  and  carry  3  ;  multi- 
ply the  reft  of  the  Figures,  and  fubtrad  as  before,  and 
fo  proceed  after  the  fame  manner,   until  all  the  Fi- 
gures of  the  Divifor  be  pricked  off,  to  the  laft  Figure. 
5ee  the  Work. 

Example  3.  Let  25. 1367  be  divided  by  217.3543, 
and  let  there  be  five  Places  of  Decimals  in  the  Quo- 
tient. 

In  this  third  Example,  the  Unit's  Place  of  the  Di- 
vifor, fails  under  i,  the  firft  ?laceof  Decimals  j  there- 
fore the, firft  Figure  of  the  Quotient  is  in  the  firft  Place 
of  Decimals  -,  fo  the  Quotient  will  be  all  Decimals. 
Then,  becaufe  the  QuotientFigures,  and  the  Figures 
of  the  Divifor  will  be  of  an  equal  Number,  dalh  off 
the  43  in  the  Divifor;,  and  the  7  in  the  Dividend,  ^% 
ufelefs,  and  divide  as  before. 


3J7-35i43 
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217 

• 

■35143) 

•   t 

25.136  7(. 
2»735 

11564 

3401  ' 
2174. 

1227 
1087 

J4.0 

t 

130 

10 

8 

Altho*  I  have  hitherto  given  Direilions  for  pro- 
portioning the  Divifor  and  Dividend,  {o  as  lo  bring 
into  the  Quotient  what  Number  of  Decimals  you 
pleafe,  yet  there  is  no  abfolute  Necefiity  for  it;  but 
you  may  carry  on  your  Divifion  to  what  Degree  you 
pleafe,  before  you  begin  to  prick  off  the  Figures  of 
the  Divifor,  in  order  to  contract  the  Work,  as  in  the 
following  Examples,  where  it  is  not  required  to  prick 
off  any  determinate  Number  of  Decimals,  but  it  may 
ke  done  according  to  Difcretion, 


2.756756 
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2.756756)7414  76717(2689  67118 

55  « 3.5 1 2 

1 90 1 2551' 
16540536 


24720T57 
22054048 

2666109 
2481080 

185029 
165405 

19624 
19297 

327 
276 

51 

28 

23 

22 


J  2. 34254 
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Ov> 


12.34254)514.75498(41.705757 
• ••  4937016 


2105358 
1234254 

871084 

6I7I 

935 
b6.y 

V 

6z 


9 
8 


CHAP.     VII. 

Extra5lion  of  the  Sqjjare  Root. 

If  a  Square  JNumher  he  given ; 

TO  End  the  Root  thereof,  that  is,  to  find  out  fuch 
alNLimber,  as  being  multiplied  into  it(elf,  the 
Produd  fliall  be  equal  to  Jie  Number  given  ;  fuch 
Operation  is  called.  The  Extra^lion  o/tbe^Square  Root^ 
which  to  do,  obfcrvc  the  following  Directions. 

I/* 
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\Jl,  You  muft  point  your  given  Number;  that  is, 
make  a  Point  over  the  Unit's  Place,  another  upon 
the  Hundred's,  and  fo  upon  every  fccond  Figure 
throughout. 

zclly.  Then  feek  the  greateft  fquare  Number  in  the 
iirft  Period  towards  the  Left  Iiandj  placing  the  fquare 
Number  under  that  Point,  and  the  Pvoot  thereof  in 
the  Quotient,  and  fubtraft  the  faid  fquare  Number 
from  the  firfl  Point,  and  to  the  Remainder  bring  down, 
the  next  Point,  and  call  that  the  Refolvend. 

3<y/y,  Then  double  the  Quotient,  and  place  it,  Co^ 
a  Di\iror,  on  the  Lefi-hard  of  the  Refoivend;  and 
feek  how  often  the  Divifor  is  contained  in  the  Refoi- 
vend (refervino; always  theUnlt's  Place), and  put  the 
Aniwer  in  the  Quotient,  and  alfoon  the  Right-hand 
Side  of  the  Divifor;  then  multiply  by  the  Figure  laft 
put  in  the  Quotient,  and  fubtrai5t  the  Product  from 
the  Refoivend  (as  in  common  Divifion),  and  bring 
down  the  next  Point  to  the  Remainder  (if  there  be 
any  more),  and  proceed  as  before. 


A  T  A  BLE  of  Sqjjares  and  C  u  b  e  s^  and 

their  Roots. 


Root      1   1      2      3  (  4  i  5     1     6         7     1     8     1    9 

Square  |   i      4       9    16    25        36    |   49        64    |    8 i 

Cube        1      8      27J64  125      216  1  343      512(729 

Example  i.  Let  4489  be  a  Number  given,  and  let 
the  fquare  P%.oot  thereof  be  required. 

4489(67 
36 


127)889"  Refoivend* 
.889  Produd. 


Firft, 
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Firli:,  Point  the  given  Number,  as  before  directed; 
then,  by  the  little   Table  aforego'ng,  leek  the  grtat- 
ell  fcjuare  Nuir.be r  in  44  (the  lirlt  Point  to  the  Left- 
hand),  which  you  will  find  to  be  36,  and  6  the  Root ; 
put  36  under  44,  and  6  in  the  Quotient,  and  fubtraft 
36  from  44,   and  there  remains  8.     Then  to  that  8 
bring   down   the   other  Point  89,    placing  it  on  the 
Right-hand,  fo  it  makes  889  for  a  Rcfolvend;  then 
double  the  Quotient  6,  and  it  makes  1  2  ;  which  place 
on  the  Left-hand  for  a  Divifor,   and  feek  how  often 
12  in  88  (referring  the  Unit's  Place),  the  Aniweris 
7  times ;  which  put  in  the  Qiiotient,  and  alfoon  the 
Right-hand  bide  of  the  Divifor,  and  multiply  127 
by  7,  as  in  common  Divifion,  and  the  Produtil  is  889^ 
which  fubrraded  from  the  Refolvend,  there  remains 
nothing;    fo  is  your  Work  finilhed;   and  the  f<,j[uare 
Root  of  4489  is  67  ;  which  Root  if  you  multiply  by 
itfelf,  that  is  67  l3y  Gj,  the  Produd  will  be  4489, 
■equal  to   the  given  fquare  Number,   and  prove  the 
Work  to  be  right. 

Example  2.   Let  106929  be  a  Number  given,  r.nd 
2et  the  iquare  Root  thereof  be  required. 


106929(327  "• 

9 

62)169  Refolvend. 
124  Prodm^l. 

647)4529  Refolvend, 
4529  Produft. 


Firft,  Polntyour  given  Number,  as  before  dire<5led, 

putting  a  Point  upon  the  Units,  Hundreds,  and  Tens 

of  Thoufands;  then  leek  what  is  the  greateil  fquare 

Number  in  10  (the  lirlt  Point),  which  by  the  liule 

9  Table 
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Table  you  will  find  to  be  9,  and  3  the  Root  thereof; 
put  9  under  i o,  and  3  in  the  Quotient ;  then  fubtra^'t 
o  out  of  10,  -and  there  remains  1  ;  to  which  bring 
down  69,  the  next  Point,  and  it  makes  169  for  the 
Refolvend;  then  double  the  Quotient  3,  and  it  makes 
6,  which  place  on  the  Left-hand  of  the  Refolvend 
for  a  Divifor,  and  feek  how  often  6  in  16;  the  An- 
fwer  is  twice;  put  2  in  the  Quotient,  and  alfo on  the 
Right-hand  of  the  Divifor,  making  it  62.  Then 
multiply  62  by  the  2  you  put  in  the  Quotient,  and  the 
Produdlis  124;  which  fubtract  from  the  Refolvend, 
and  there  remains  4:; ;  to  which  bring  down  29,  the 
next  Point,  and  it  n-iakes  4529  for  a  new  Refolvend. 
Then  double  the  Quotient  32,  and  itmakes  64,  which 
place  on  the  Left  Side  of  the  Refolvend  for  the  Divi- 
for, and  feek  how  often  64  in  452,  which  you'll  find 
'/times;  put  7  in  the  Quotient,  andalfoonthe  Right- 
Iiand  of  the  Divifor,  making  it  647,  which  multiplied 
by  the  7  in  the  Quotient,  it  makes  4529,  which  fub- 
trafted  from  the  Refolvend,  there  remains  nothing. 
So  327  is  the  Square  Root  of  the  given  Number. 

Example'^.  Let 2268741  beafquareNumberglv^n, 
the  Root  whereof  is  required. 

•      •      •      • 

2268741(1506.23 

I 


25)126 

3006)18741 
18036 

30122)70500 
60244 


301243)1025600 
903729 

Remains  12 1871 


Havinjg; 
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Having  pointed  the  given  Number  as  before  di- 
redled,  feek  what  is  the  greatell  fquare  Number  iu 
the  firll  Point  2,  which  is  i  ;  put  i,  the  Square,  un- 
der 2,  and  1 ,  the  Root  thereof,  in  the  Quotient ;  fub- 
tradt  1  from  2,  and  there  remains  i  ;  to  which  bring 
down  the  next  Point,  26,  and  fctiton  the  Right-hand, 
making  it  126;  double  the  i  in  the  Quotient ;  which 
makes  2;  fet  2  on  the  Left-Hand  for  a  Divifor,  and 
afk  how  often  2  in  12,  which  will  be  5  times;  put  <; 
in  the  Quotient,  and  alfo  on  the  Right-hand  of  the 
Divifor,  making  it  25  ;  multiply  (as  in  comnioa  Di- 
vifion)  25  by  5,  and  fubtrad:  the  Product,  125,  from 
126,  and  there  remains  i.  'Bring  down  the  nexD 
Point,  ^jy  and  it  makes  187  for  a  new  Refolvend; 
and  double  the  15  in  the  Quotient,  it  makes  30  for  a 
new  Divifor.  Then  f^ek  how  often  30  in  18,  whicl\ 
you  can't  have;  fo  that  you  mult  put  o  in  the  Quo- 
tient, and  alfo  on  the  Right-hand  of  the  Divifor,  and 
bringdown  the  next  Point,  and  it  makes  18741  for 
another  new  Refolvend.  Then  feek  how  often  300 
in  1874,  which  will  be  fix  times;  put  6  in  the  C^o- 
tient,  and  alfo  on  the  Right-hand  of  the  Divilor;; 
multiply  and  fubtraft,  and  the  Remainder  will  be 
705.  Now,  if  you  have  a  Mind  to  find  the  Value  of 
the  Remainder,  you  may  annex  Cyphers,  by  two  at 
a  time,  to  the  Remainders,  and  fo  profecute  the  Work 
to  what  Number  of  Decim;d  Parts  you  pleafe;  thus, 
to  705  annex  two  Cyphers,  and  it  will  make705oo> 
and  the  Quotient  doubled,  is  3012  for  a  Divifor: 
Then  feek  how  often  3012  in  7050  (rejecting  tlirf 
Unit's  Place),  which  will  be  twice;  put  2  in  the 
Quotient,  and  alfo  on  the  Right-hand  of  the  Divifor ,< 
and  multiply  and  fubtradlas  before,  and  the  Remain* 
der  will  be  10256;  to  which  annex  two  Cyphers, 
and  proceed  as  before,  and  you  will  get  a  3  in  the 
C^iotient  next.  So  the  fquare  Root  of  the  given 
Number  is  1506.23,  which  being  fquared,  or  multir 
plied  by  itfelf,  and  the  lall  Remainder  added,  will 
make  Uie  given  Number  as  follow  : 

G  T506.23 
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1506.23 
1 506.23 


451869 
30 1 246 

90373S 

753'i5o 
150623 


2268728.8129 
The  Remainder  add   12.1871 

Proof  2268741.0000 

Some  more  Examples  for  PraSIlce. 


Example  i.     7596796(2756.228     Root. 
4 

47)359 
329 

2725 

5506)34296 
33036 


55122)126000 
1 10244 


551242)1575600 
1 102484 


5512448)47311600 
44099584 


3212016 

Example 
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Example  2.     75i4i7'5'^4S 
6+ 

(866.84 

Root 

j66) 1 1 14 
996 

1726)1 1817 

10356 

» 

17328)146157 
13S624 

173364)753345 
693456 

59889 

If  the  given  Number  be  a  mixed  Number,  njiz. 
confilling  of  a  whole  Number  and  a  Decimal  toge- 
ther, make  the  Number  of  decimal  Places  even,  that 
is,  2,  4,  6,  8,  l^c.  that  fo  there  may  a  Point  fall  upon 
the  Unit's  Place  of  the  whole  Numbers,  as  in  this  lafl 
Example,  and  in  that  following. 


E  2  Example 
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Example  3.  Let  656714.37512  be  given,  to  ^ni 
the  fqnare  Root. 


656714,375120(810.379  -Root, 
64^ 


161) 167 
161 

16203)61437 
48609 


162067)128285  I 
I  I  34469 


1620749)14835220 
I45S674I 

Remains     251479 

In  tliis  Example  there  are  five  Places  of  D^cimals^ 
therefore  put  a  Cypher  to  it,  to  make  them  even,  that 
fo  there  may  a  Point  fall  upon  4,  the  Unit's  Place. 

To  find  the  Square  Root  of  a  Fra5llon. 

If  it  be  a  Decimal  Fra(5lion,  the  Work  differs  no- 
thing from  the  Examples  aforegoing,  only  you  mull 
]be  mindful  to  point  your  given  Number  right ;  for 
(as  was  before  dire(^ed)  the  Number  of  Places  mufl 
always  be  made  even,  and  then  begin  to  point  at  the 
Right-hand,  as  in  whole  Numbers. 

If  it  be  a  Vulgar  Fraction,  it  mufl  be  reduced  to  a 
Decimal,  by  the  firfl  Rule  of  the  fecond  Chapter. 

I  fhali  give  an  Example  or  two  in  each  Cafe,  and 
fo  conclude  this  Chapter. 


Let 
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Let .  125  be  a  Decimal  Fraflion  given,  \vhorer.]uare 
Root  is  required  ;  and  let  it  be  renuired  to  have  four 
Places  of  Decimals  in  the  Root. 


.i25coooo(.3535 
9 


6i 

;)35o 
325 

703)2500 

2109 

7065)39100 

35325 

3775 

In  this  Example  there  muft  be  five  Cyphers  annex- 
ed, becaufe  two  Places  in  the  Square  make  but  one 
in  the  Root. 

Let  the  fquare  Root  of  .00715  be  required. 


.oo7i5o(.o84 
6+ 


164)750 
656 


94 
In  this  a  Cypher  is  added  to  make  the  Places  even. 


£  3  i^et 
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Let  I  be  a  Vulgar  Frailion  given,  vvhofe  fquare 
Root  is  required. 


8)7000 

64 

(  8750oooo(.9354 
8i 

60 

56 

183)650 
549 

40 

1865)10100 

40 

93^5 

•  • 

18704)77500 
74816 

2684 

Reduce  this  |-  to  a  Decimal,  it  makes  .875  ;  I© 
^vhich  annex  Cyphers,  and  extradt  the  fquare  Root, 
as  if  it  was  a  whole  Number.    So  the  Root  is  .9354. 

Let  -^lo  be  a  Vulgar  Fraflion,  whofe  fquare  Root 
is  required. 


i6'o)3.ooocoo 
288 

(.oc3i250o(.0559  Root 
25 

120 

96 

240 
192 

105)625 
525 

1109)10000 
9981 

480 
480 

19 

•  •  * 


III 
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In  extrading  the  Root  of  this,  becaufe  the  firft 
Point  confilhot"  Cyphers,  there  mull  be  a  Cypher  put 
lirll  in  the  Quotient. 

To  prove  this  Rule,  fquare  the  Root,  and  to  the 
Produd  add  the  Remainder,  as  was  before  dire£led. 
To  fquare  a  Number,  is  to  multiply  it  b;  itfelf ;  and 
to  cube  it,  is  to  multiply  the  Square  of  the  Number 
by  the  Number  itfelf. 

CHAP.     VIII. 

Extraction  of  the  Cube  Root. 

To  extra(fl  the  Cube  Root,  is  nothing  elfe  but  to 
Hnd  fuch  a  Number,  as  being  firll  multiplied 
into  itfelf,  and  then  into  that  Produdl,  produceth  the 
given  Number;  which  to  perform,  obferve  the  fol- 
lowing Diredlions. 

\fi.  You  mull  point  your  given  Number,  beginning 
with  the  Unit's  Place,  and  make  a  Point,  or  Dot, 
over  every  third  Figure  towards  the  Left-hand. 

^dly,  Seek  the  greateft  Cube  Number  in  the  firft 
Point,  towards  the  Left-hand,  putting  the  Root 
thereof  in  the  Q^iotieni,  and  the  fyid  Cube  Number 
under  the  firft  pDint,  and  fubtraci  it  therefrom,  and 
to  the  Remainder  bring  down  tke  next  Point,  and 
call  that  the  Rcfolvend. 

3^/)',  Triple  the  Quotient,  and  place  it  under  the 
Relolvend;  the  Unit  s  Plate  of  this  under  the  Ten's 
Flare  of  the  Reiolvend;  and  call  this  ihe  Triple 
Quotient. 

J^ihly^   Square  the  Quotient,  and  triple  the  Square, 

and  pLieeit  under  the  triple  Quotient ;  the  Units  a'i 

9  ^^is 
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this  under  the  Terx's  Place  of  the  triple  Quotient,  and 
call  this  the  Triple  Square. 

^thly,  Add  fhefe  two  together,  in-  the  fame  Order 
as  they  ftand,  and  the  Sum  fnall  be  the  Divifor. 

6thlyy  Seek  how  often  the  Divifo.r  is  contained  in 
the  Rcfoivcna,  rejecting  the  Unit's  Place  of  the  Re- 
fol vend  (^s  in  the  Square  Root),  and  put  the  Anfwer 
in  the  Quodent. 

"jthlyy  Cube  the  Figure  Ia(l  put  ia.the  Quotient,, 
and  put  the  Unit's"  Place  thereof  under  the  Unit's 
Place  of  the  Refolvend. 

^tbly.  Multiply  the  Square  of  the  Figure  laft  put  in 
the  Quotient,  into  the  tiiple  Quotient,  and  place  the 
Product  under  the  laft,  one  Place  more  to  the  Left- 
hand.. 

c)thh.  Multiply  the  triple  Square  by  the  Figure  laft 
put  in  the  Quotient,  and  place  it  under  the  lail,  one 
Place  more  to  the  Left-hand. 

lothlj,  Add  the  three  lail  Nun.bers  together,  ia 
the  fame  Order  as  they  iland,  and  call  that  the  Sub- 
trahend. 

LaJ^ly,  Subtrafl  the  Subtrahend  from  the  Refol- 
vend,  and  if  there  be  another  Point,  bring  it  down  in 
the  Rem  under,  and  call  that  a  new  Refolvend,  and 
proceed  in  all  Refpefts  as  before. 


Bxamj)le 
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Example  i .  Let  3 1 4432  be  a  Cubic  Number^  whole 
Root  ia  required. 


314432(68  Root. 
216 

98432  Refolvend. 
■ 

18  Triple  Quotient  of  6. 
108     Triple  Square  of  the  QuoticQt  6. 

1098  Divifor. 

5 1 2  Cube  of  8,  the  laft  Figure  of  the  Root, 
1152     The  Square  of  8,  by  the  triple  Quotienf. 
^64       The  triple  Square  of  the  Q\iotienw  6  by  $. 

9S432  The  Subtrahend. 


After  you  have  pointed  the  given  Number,  feek 
what  is  the  greateft  Cube  Number  in  314,  the  firll 
Point,  which,  by  the  former  little  Table,  \Page  34), 
you  will  find  to  be  21(1,  which  is  the  nearell  that  is 
lefs  than  314,  and  its  Root  is  6;  which  put  in  the 
Quotient,  and  216  under  314,  and  fubtrad  it  there- 
from, and  there  remains  98  ;  to  which  bring  down 
the  next  Point,  432,  and  annex  to  98;  fo  will  it 
make  98432  for  the  Refolvend.  Then  triple  the 
Quotient  6,  it  makes  i8,  which  write  down  the  Unit's 
Place,  8,  under  3,  the  Ten's  Place  of  the  Refolvend. 
Then  fquare  the  Quotient  6,  and  triple  the  Square, 
and  it  makes  108,  which  write  under  the  triple  Quo- 
tient, one  Place  toward  the  Left-hand  ;  then  add  chofe 
two  Numbers  together,  and  they  make  1098  for  the 
Divifor.  Then  feek  how  often  the  Divilbr  is  con- 
tained in  the  Refolvend,  (reje<Sling  the  Unit's  Place 
thereof),  that  is,  how  often  105^8  in  9843,  which  is 

8  times  \ 
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8  times  ;  put  8  in  the  Quotient,  and  the  Cube  thereof 
below  the  Divifor,  the  Unit's  i-'lace  under  the  Unit's 
Place  of  the  Rerdvend.  Then  fquare  the  8  lafl  put 
in  the  Quotient,  and  multiply  64,  the  Square  thereof, 
by  the  triple  Quotient,  i-8  ;  the  Produdtis  1 152  ;  fet 
this  under  theCube  of  8,  the  Units  of  this  under  the 
Tens  of  that.  Then  multiply  the  triple  Square  of  the 
Quotient  by  8,  the  Figure  laft  put  in  the  Quotient, 
the  Produft  is  864  ;  fet  this  down  under  the  laft  Pro- 
du6l,  a  Place  more  to  the  Left-hand.  Then  draw  a 
Line  under  thofe  three,  and  add  them  together,  and 
the  Sum  is  98432,  which  is  called  the  Subtraiiend  ; 
which  being  fubtradled  from  the  Refolvend,  the  Re- 
mainder is  nothing  ;  which  fliews  the  Number  to  be 
a  true  cubic  Number,  whofe  Root  is  68 ;  that  is,  if 
6S  be  cubed,  it  will  make  314432. 

For  if  68  be  multiplied  by  68,  the  Produce  will 
be  4624  ;  and  this  Produd,  multiplied  again  by  68, 
the  laft  ProdU(fl  is  314432,  which  Ihews  the  Work 
to  be  right. 

68 
68 

544 
The  Work  408 


4624 
63 

36992.' 
27744 

The  Proof        314432. 


rt.r.j 


.  ;  J  t . I  .» 

Example  2.     Let  the  Cube   Root  of  573^5339.  be; 


required. 


After  you  have  pointed  the  given  Number,  feeic 
what  is  Hjegreateft  Cube  Number  in  5,  the  hrl^  Point,, 
which  (by  the  little  Table,  Page  t^o^)  you  wili  hnd  to. 
be  I ;  which  place  under  5,  and  1,  the  Root  thereof, 

ia 
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in  the  Quotient;  and  fubtiad  i  from  5,  and  there 
remains  4  ;  to  which  bring  down  the  next  Point,  it 
makes  4735  for  the  Relblvend.  Then  triple  the  i, 
and  it  makes  3  ;  and  the  Square  of  1  is  i,  and  the 
Triple  thereof  is  3  ;  which  fet  one  under  another,  in 
their  Order,  and  added,  makes  33  for  the  Divifor. 
Seek  how  often  the  Divifor  in  the  Refolvcnd,  and 
proceed  as  in  the  lait  Example. 

•      «       • 

5735339)»79  ^^^^* 
1 

4735 

3     The  Triple  of  the  Quotient  i ,  the  firfl  Figure. 
3       The  triple  Sc^uare  of  the  Quotient  i. 

33     The  Divifor. 


343  The  Cube  of  7,  the  fecond  Figure  of  the  Root. 
147  The  Squareof  7,multipl.  in  the  triple  Quot.  3. 
21       The  triple  Squareof  the  Quot.  multiplied  by  7. 

3913  The  Subtrahend. 


822339  The  new  Refolvend. 


51   The  Triple  of  the  Quot.  17,  the  two  firll  Fig. 
867     The  triple  Square  of  the  Quotient  17. 


8721   Divifor. 


729  The  Cube  of  9,  the  lad  Figure  of  the  Root. 

4131      The  Squ.  of  9,  m uhipl.by  the  triple  Quot.  5  i . 

7803       The  triple  Square  of  the  Quotient  867  by  9. 

822339  The  Subtrahend. 

In 
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In  this  Example,  33,  the  firft  Divifor,  feems  to  be 
contained  more  than  {tvtxv  times  in  473,  the  Refol- 
vend,  after  the  Unit's  Place  has  been  rejedled  ;  but 
if  you  work  with  9,  or  8,  you  will  find  that  the  Sub- 
trahend will  be  greater  than  the  Refolvend. 

Some  more  Examples  for  Fra^lce^ 


32461759(319  Root. 
27 


5461   Refolvend, 


9     The  Triple  of  3. 
27         The  triple  Square  of  3. 


279     The  Divifor. 


I   The  Cube  of  i,  the  fecond  Figure. 
9     The  triple  Quotient,  by  the  Square  of  I. 
27       The  triple  Square,  multiplied  by  i ,  the  2d  Fig, 


2791   The  Subtrahend, 


2670759  A  new  R.efolvend. 


93       The  Triple  of  31. 
2883         The  triple  Square  of  31. 


28923       The  Divifor. 


729  The  Cube  of  9,  the  lafl  Figure. 

7533  TheSquareof  9,  by  93  thetriple  Quotient. 

25947  The  triple  Square  2883  by  9, 

2670759  The  Subtrahend, 
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•         • 


84604519^439  Root. 

64 


20604  Refolvend. 


I  2     Triple  of  4, 
48       Triple  Square  of  4. 


492     Divifor. 


27  Cube  of  3. 
108     Square  of  3,  by  the  triple  QnoticRt*" 
144       Triple  Square  by  3. 


15507  Subtrahend. 


5097519  Refolvend. 


129  Triple  of  4^. 
5547     Triple  Square  of  45, 


55599  Divifor. 


729  Cube  of  9. 
10449     Square  of  9  by  129, 
49923        Triple  Square  by  9. 

5097519  Subtrahend. 


25950 
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259697989(638 
216 


43697  Refolvend. 


I  8      Triple  of  6. 
ig8       Triple  Square  of  6, 


1098     Divifor. 


27  Cube  of  3,  the  fecond  Figure* 
162     Square  of  3  by  i'^. 
324.       Triple  Square,  108,  by  5. 


34047  Subtrahend. 


9650989  Refolvend. 


189  Triple  of  63. 
1 1907     Triple  Square  of  63, 


1 19259  Divifor. 


512  Cube  of  8. 
12096     Square  of  8  by  189. 
95256       Triple  Square,  1 1907,  by  8. 


9647072  Subtrahend. 
3917  Remainder. 


25917 


Chap.  8.    ExtraBicn  of  the  Cube  Root.    51 


^5917056)295.9 

8 


17917   Refolvend. 


6     Triple  of  2. 
12       Triple  Square  of  2. 


J  26     Divifor. 


729  Cube  of  9,  the  2d  Figure. 
486     Square  of  9  by  6. 
108       Triple  Square  by  9. 

16389  Subtraliend. 

1 5  2S'o56  Refolvend. 


87     Triple  of  29. 
2523       Triple  Square  of  29. 


In  this  Ex- 
ample I  annex 
3  Cyphers  to 
theRemainder, 
which  makes 
the  3d  Refol- 
vend ;by  wliich 
means  I  bring 
one  Place  of 
Decimals.  And 
foyou  may  pio- 
cecd  to  more 
decimal  Places 
at  Pleafure,  by 
annexing  three 
Cyphers  to  the 
next  Remain* 
dvYy  and  car- 
rying on  the 
Work  as  be- 
fore. 


25317     Divifor. 


125     Cube  of  5,  the  3d  Figure. 
2175        Square  of  5  by  87. 
12615  Triple  Square  by  5, 


1283375     Subtrahend. 

■  ■I—  1*1      

244681000  Refolvend. 


885   Triple  of  295. 
261075     Triple  Squve  of  295. 


2611635   Divifor. 


729  Cube  of  9,  the  lafl  Figure, 
71685      Square  of  9  by  885. 
2349^75       Triple  Square  by  9, 

235685079  Subtrahend. 

8995921   Remainder. 

F2 


22o6 
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In  this  Example 
22069810125(2805  13952,  being  fub- 

8  traded    from    the 

'— — «»  Refolvend    14069, 

14069  Refolvend.  ^  the  Remainder  is 

"        —  J^7>      ^o      which 

6  Triple  of  2.  bring   down    810, 

d2     Tii^le  Square  by  2.  the  3d  Point,  and 

-  it   makes  Ji78io"> 

126  Divifor.  for   a   new  Refol- 

vend ;  and  the  next 


512   Cube  of  8.  Djvifor   is  23604, 

384     Square  of  8  by  6.  which  you   cannot 

96       Triple  Square  by  8.  have   in    the    faid 

Refolvend    (     the 


13952  Subtrahend*  Unit'15   Place    be- 

»  ing    rejected)  ;    {o 

117810125  New  Refolvend.  youmuil  put  o  in 

' " '   •  J'  •  the  Quotient,  and 

84  Triple  of  28.  feek  a  new  Divifor 

2352     Triple  Square  of  28.  (  after  you   have 

brought  down  your 


23604  Divifor,  la  ft  Point  to    the 

;,-  Refolvend) ;  which 

840  Triple  of  280.  new     Divifor     is 

235200     Triple  Square  of  280.  2352840 ;  and  you 

______«.  will  find  it  to  be 


2352840  New  Divifor.  contained  5  times. 

So  proceed   to  fi- 


125  Cube  of  5.  nilb  the  reft  of  the 

21000     Squareof  5  by  840.    Work. 
11760CO       Triple  Square  by  5* 
t         .  I  ■  I    II  ■ 
J 1 78 10 1 25  Subtrahend. 


■»  t 


93759 
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93759-575070(45-42 
6+ 


297^9   Rcfolvend. 

12      I'riple  of  4,  the  firll  Figure. 
48       Trip'e  Square  of"  4. 


492     Divlfor. 


12;   Cube  of  5,  the  2d  Figure. 
300     Square  of  5  by  12,  the  triple  Quotient. 
240        Triple -Square  by  5. 


27125   Subtrahend. 


2634575   Refolvend. 

135     Triple  of  45. 
6075        Triple  Square  of  45. 


60885     DIvifor. 


64  Cube  of  4. 
2160     Square  of  4  by  135. 
24300       Triple  Square  by  4. 

2451664  Subtrahend. 

18291 1070  Refolvend. 


1362     Triple  of  45.4. 
618348       Triple  Square  of  45  4. 


61848+2     Divifor. 


8  Cube  of  2. 

5448  Square  of  2  by  1362. 

1236696  Triple  Square  by  2. 

123724088  Subtrahend. 

591869S2  Remainder. 
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In  extra<!ling  the  Cube  Root  of  a  mixed  Number, 
always  obr?rve  to  make  the  Decimal  Part  confift  of 
either  three,  iix,  nine,  l^c.  Places ;  that  is,  always 
to  confifc  of  even  Points,  as  in  the  lafl  Example, 
where  the  Decimal  Places  were  five  ;  to  which  I  an- 
Mexed  a  Cypher  to  make  up  fix,  and  fo  I  proceed  to 
point  it ;  and  by  that  means  I  have  a  Point  fall  upon 
the  Unit's  Place  of  whole  Numbers,  which  you  mulit 
always  obferve. 

I'd  extraB  the  Cuhs  Root  of  a  Fraction, 

This  is  dore  in  the  fame  manner  as  in  whole  Num- 
bers, if  the  foregoing  Diredions  are  obferved,  for  tht 
true  pointing  the  Number;  for,  as  was  before  di-- 
redcd,  the  Decimal  muil  always  confift  of  three,  fix, 
nine,  i^c>  Places;  and  if  it  be  not  fo,  it  muft  be 
made  fo,  by  annexing  Cyphers;  as  is  faid  above. 

]f  the  Cube  Root  of  a  vulgar  Fradionbe  required, 
you  muft  iirft  reduce  it  to  a  Decimal,  and  then  e#^ 
lirad  the  Pvoot. 

Examples  of  each  follow. 


Txamfte 
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Example  I.  Let  the  Cube  Root  of  .401719179  be 
re<^uired. 


•      •      • 


. 401719179(737  Root, 
3+3 


58719  Refolvend. 


2  1     Triple  of  7. 
147       Triple  Square  of  7. 


1491  Divifor. 


27  Cube  of  3. 
189     Square  of  5  by  21. 
441       Triple  Square  by  3. 


46017  Subtrahend. 

1 2702 1 79  Refolvend. 

219  Triple  of  73. 
15987     Triple  Square  of  73. 

160089  Divifor. 


343  C"be  of  7. 
10731      Square  of  7  by  219. 
1 1 1909       Triple  Square  by  7. 

11298553  Subtrahend. 

1403626  Remainder, 


Sxan.plt 
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Example  2.  Let  the  Cube   Root  of  .0001416.  be 


2«quirecl. 


•  • 


.cooi4i6oo(..052  Root. 


1^5 

1 660c 

3  Refolvendl- 

75 

Triple  of  5. 
Triple  Square  of  5, 

765 

Divifor.- 

8 
60 

150 

Cube  of  2. 
Square  of  2  by  15. 
Triple  Square  by  2; 

15608 

Subtrahend, 

992     R.emaihder. 

Example  3.  Let  j|-g  be  a  Vulgar  Fraftlon,  whofe 
Cube  Root  is.  required. 

By  ihe  firll  Rule  of  Chapter  IL  reduce  the  Vulgar 
Bradion  to  a  Decimal. 

276)5.oooooocoo(.oj8i  15942 


•  ■4    «•«•«    • 

2240 

320 

440 

1640 

2600 

J 160 

560 

8 

N 

.0181^ 
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.0181 159^2(. 262  Root. 

8 


10115  Refolvend. 


6     Triple  of  2. 
1  2       Triple  Scjuaie  of  2. 

12^     Divifor. 


216  Cube  of  6. 

216     Square  of  6  by  the  Triple  of  2. 
72       Triple  Square  by  6. 

Ill    ■ 

9576  Subtrahend. 
539942  Rtfolvcnd. 

78     Triple  of  26. 
2028       Triple  Square  of  26» 

20358     Divifor. 

8  Cube  of  2. 

312  Square  of  2  by  78. 

4056  Triple  Square  2028  by  2, 
>■           ■ 

408728     Subtrahend. 

13 12 1 4     Remainder. 

You  may  prove  the  Truth  of  the  Work,  by  cubing 
the  Root  found,  as  was  fhewed  in  the  firfl  Example  ; 
and  if  any  thing  remains,  add  it  to  the  faid  Cube^ 
and  the  Sum  will  be  the  given  Number,  if  the  Work 
is  rightly  performed. 


I  will 
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I  will  fliew  the  Proof  of  the  fifth  Example  {Page 
50),  the  given  Number  being  259697989,  whofe 
Root  is  6-^^,  it  being  a  furd  Number,  there  remains 

638 
638 

5104 

1914 

3828 


The  Square  407044 
633 

3256352 
*  1221132 

The  Cube  25969. '073 
Rfmainder  add  3917 

Proofequal  to  the  given  Numb.    259697989 

CHAP.    IX. 

MuliipUcaticn  of  Feety  Inches^  and  Parti, 

IN  the  multiplying  of  Feet,  Inches,  ^<:.  I  Hiall 
endeavour  to  lay  down  fuch  eafy  and  familiar 
Rules,  as  may  eafily  be  underilood  by  the  meaneli 
Capacity. 


Examph. 
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Example  I.  h-^:  7  Feet  9  Inches  be  multiplied  by 


3  Feet  6  Indies. 

F.    f. 

7     9 
3     6 

23     3  ^^■^• 
3    10  6 

27     I  6 

Firfl:,  Multiply  9  Inches  by  3,  faying,  3  times  9 
is  27  Inches,  which  mak'i  2  Feet  3  Inche,  ;  fet  down 
3  under  Inches,  and  carry  2  to  the  Feer,  iaying,  3 
times  7  is  21,  and  2  that  1  carry  make  z^  ;  fet  Jown 
23  under  ihe  Feet. 

Ti^en  begin  with  6  Inches,  faying,  6  times  c,  is  54 
Parts  which  is  4  Inches  and  6  Parts;  fen  dov'n  6 
Parts,  and  carry  4,  faying,  6  times  7  is  42,  and  4 
that  1  carry  is  46  Inches,  which  is  3  Feet  10  Inches ; 
which  fet  down,  and  add  all  up  together,  and  the 
Product  is  27  Feet  i  Inch  6  Parts. 

Example  2.  Let  75  Feet  7  Inches  be  multiplied  by 
9  Feet  8  Inches. 


F. 

I. 

75 

7 

9 

8 

680 

3 

50 

4  8 

730     7  8 

Firft,  Multiply  by  9  Feet,  (aying,  9  times  7  is  6^^ 
which  is  5  Feet  3  inches  ;  fet  down  3,  and  carry  5, 
faying,  9  times  5  is  45,  and  5  I  carry  is  50;  fet 
down  o,  and  carry  5,  faying,  9  limes  7  io  63,  and  5 

9  .  ^* 
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is  68;  fet  down  68,  and  proceed  to  multiply  by  8 
Inches,  faying,  8  times  7  is  56;  the  Twelves  in  56 
are  four  times,  and  8  remains ;  fet  8  a  Place  to  the 
Right-hand,  and  carry  4:  Then  multiply  75  by  8» 
and  the  Produd:  is  600,  and  4  that  I  carry  is  604, 
which  divided  by  12,  the  Qmrtient  is  50  Feet,  and  4 
remains;  fet  down  50  Feet  4  Inches,  and  add  all  up 
together,  and  you  will  find  the  Produdt  730  Feet  7 
Inches  8  Parts. 

I  will  repeat  the  laft  Example  again,  and  fhew 
another  Way  to  work  it,  which,  I  think,  is  better, 
and  more  expeditious,  when  there  are  more  Figures 
than  one  in  the  Feet ;  thus. 


F. 

I. 

75 
9 

7 
8 

680 

3 

25 
25 

2  4 

2  4 

730     7  8 

Multiply  by  9  Feet,  firfl:,  as  above  direded ;  then, 
inllead  of  multiplying  by  8  Inches,  let  the  Inches 
be  parted  into  fuch  aliquot  or  even  Parts  of  a  Foot, 
as  you  find  to  be  contained  in  that  Figure ;  if  you  take 
fuch  Parts  of  the  Multiplicand,  and  add  them  to  the 
former  Prodnft,  the  fum  will  give  the  Anfwer :  Thus, 
8  Inches  may  be  parted  into  four,  and  4,  becaufe  4  is 
the  third  Part  of  12.  So,  if  you  take  the  third  Part 
of  75  Feet  7  Inches,  and  fet  it  down  twice  and  add. 
all  together,  the  Sum  will  be  730  Feet  7  Inches  8 
Parts,  the  fame  as  before ;  thus,  fay  how  often  3  in 
7,  which  is  twice  ;  fet  down  2  ;  then,  becaufe  twice 
3  is  6,  fay,  6  out  of  7,  and  there  remains  i,  for  which 
you  muft  add  10  to  ihe  5,  and  it  makes  15  ;  then  the 
Threes  in  15  are  5  times ;  fet  down  5  ;  and,  becaufe 
3  times  5  is  15,  there  is  o  remains.     Then  go  to  the 

7 
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7  Inches,  faying,  the  Threes  in  7  are  twice  ;  fet  dowa 
2  in  the  Inches  ;  and  bccaufe  twice  3  is  but  6,  take 
6  out  of  7,  and  there  remains  i  Inch,  which  is  12 
Parts ;  then  the  Threes  in  12  are  4  times,  and  o  re- 
mains. So  the  third  Part  of  75  Feet  7  Inches,  is  25 
Feet  2  Inches  4  Farts ;  which  fet  down  agaia,  and 
add  all  together,  the  Sum  is  730  Feet  7  Inches  S 
Parts ;  the  fame  as  before. 

Example  3.    Let  gj  Feet  8  Inches  be  multiplied 
by  8  Feet  9  Inches. 

F.    I. 

97     S 
8     9 


7S. 

4 

48 

10 

24 

5 

«54     7 

Begin,  firfl,  to  multiply  by  8  Feet,  faying,  8  times 

5  IS  64  Inches,  that  is^  5  Feet  4  Inches  ;  fet  down  4 
Inches,  and  carry  5,  faying,  8  times  7  is  56,  and  5 
I  carry  is  61  ;  fet  do-.vn  i,  and  carry  6,  faying,  8 
times  9  is  72,  and  6  I  carry  is  78,  which  fet  down  : 
Then,  inllead  of  multiplying  by  9  Inches,  take  the 
aliquot  Parts  of  1  2  which  9  makes,  which  is  6  and  3  ; 

6  Inches  being  half  iz,  and  3  the  fourth  Part ;  there- 
fore take  the  half  of  97  Feet  8  Inches,  which  is  48 
Feet  10  Inches;  and  becaufe  3  is  half  6,  you  may 
take  the  half  of  48  Feet  10  Inches,  which  Is  24  Feet 
5  Inches  ;  add  ail  up  together,  and  the  Sum  is  854 
Feet  7  Inches,     bee  the  Work,  as  above. 


ExampU 
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Exainple  A^.  Let  75  Feet  9  Inches  be  multiplied  by 
17  Feet  7  Inches. 


F. 

I. 

IS 

9 

J7 

7 

525 

75 

25 

3  P. 

18 

I*  3 

8 

6 

4 

0 

133J 

IS     3 

In  this  Example,  becaufe  there  are  more  than  12 
Feet  in  the  Multiplier,  therefore  i  iirft  multiply  ihe 
75  by  17  Feet ;  then,  becaufe  the  aliquot  Parts  in  7 
Inches  are  4  and  3,  that  is,  a  third  and  a  fourth,  I 
take  the  third  Part  of  75  Feet  9  Inches,  which  is  25 
Feet  3  Inches,  and  the  fourth  Part  thereof  is  18  Feet 
1 1  Inches  3  Parts ;  then  the  aliquot  Parts  of  9  Inches 
are  6  and  3,  that  is,  half  and  a  fourth  ;  therefore  I 
take' half  17  Feet,  which  is  8  Feet  6  Inches,  and  the 
fourth  Part  is  4  Feet  3  Inches  (not  meddling  with 
the  7  Inches,  becaufe  that  was  multiplied  into  the  9 
before)  ;  then  add  all  thefe  together,  and  the  Sum 
is  133 1  Feet  11  Inches  3  Pans. 


Example 
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E:nample  5.  Let  87  Feet  5  Inches  be  multipHed  by 
35  Feet  8  Inches. 

F.    I. 

87     5 
35     8 


435 
261 

P. 

29 
29 
II 

I  8 
I  8 
8  0 

2 

II  0 

3117  10    4 

Work  here  as  in  the  laft  Example.  After  you  have 
multiplied  the  Feet,  then  take  the  aliquot  Parts  of  8 
Inches,  which  are  two  Thirds  ;  therefore  take  the 
third  Part  of  87  Feet  5  Inches,  and  fet  it  down  twice. 
Thus  the  third  Part  of  87  Feet  5  Inches  is  29  Feet 
I  Inch  8  Parts  ;  fet  this  down  twice  ;  then  the  ali- 
quot Parts  of  5  Inches  are  4  and  i,  that  is,  a  third 
Part  and  a  12th  Part ;  therefore  take  a  third  Part  of 
35,  which  is  II  Feet  8  Inches,  and  a  12th  Part  of 
35  is  2  Feet  1 1  Inches  ;  fet  all  thefe  one  under  ano- 
ther, and  add  them  together,  and  the  Sum  is  3117 
Feet  10  Inches  4  Parts. 

Example  6.  Let  259  Feet  2  Inches  be  multiplied, 
by  48  Feet  11  Inches. 

F.     L 

259     2 
48  II 


2072 

1036 

129 

7 

P. 

86 

4 

8 

21 

7 

2 

8 

0 

0 

12677     6  lo 

G  2  Firft, 
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Firft,  multiply  the  Feet;  then  take  the  aliquot  Parts 
of  1 1,  which  will  be  6,  4,  and  i,  that  is,  a  half,  a 
third,  and  a  twelfch  ;  therefore  take  the  half  cf  259 
Feet  2  Inches,  which  is  129  Feet  7  Inches,  and  a 
third  Fart  is  86  Feet  4  Inches  8  Parts,  and  the  twelfth 
Part'of  259  Feet  2  Inches  is  2 1  Feet  7  Inches  2  Parts ; 
or  (becauie  i  is  the  fourth  Part  of  4),  you  may  more 
readily  take  the  fourth  Part  of  86  Feet  4  Inches  8 
Parts,  which  is  alfo  21  Feet  7  Inches  2  Parts;  then  2 
Feet  are  the  fixth  of  12,  take  the  fixch  of  48  Feet, 
which  will  be  8  Feet,  which  place  under  the  Feet  ; 
then  add  all  together,  and  the  Sum  is  12677  ^^^^  ^ 
Inches  10  Parts.     See  the  foregoing  Work. 

I  fhall  fet  down  only  the  wai'king  of  fome  few  Ex- 
amples in  Feet  and  inches,  and  then  proceed  to  mul- 
tiply Feet,  Inches,  and  Parts,  ^c. 

F.     I.  F.     I. 


179 

3 

246 

7 

3» 

10 

46 

4 

.H32 

1476 

537 

P. 

984 

P. 

89 

7 

6 

82 

2 

4 

59 

9 

0 

^5 

4 

0 

3 

6 

0 

Produa 

11 

6 

0 

Prod«(^  6060 

10 

6 

11425 

0 

4 

F. 

I. 

F. 

I. 

246 

7 

257 

9 

36 

9 

— 

39 

II 

1476 

2313 

738 

P. 

771 

P. 

123 

3 

6 

128 

10 

6 

61 

7 

9 

85 

II 

0 

12 

0 

0 

25 

5 

9 

9 

0 

0 

19 
9 

6 
9 

0 
0 

9061 

II 

3 

1 

— ' 

Produa 

10288 

6 

Example 
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Example  1 1.   Let  7  Feet  ^  Inches  9  Parts  be  mul- 
tiplied by  3  Feet  5  Inches  3  Parts. 

F.    I.    P. 

7     5     9 
3     5     3 


22     5     3     S. 
3      1     4     9  T. 
I   10     5      3 

25     8     6     2      3 

In  this  Example,  I  firft  begin  with  3  Feet,  and 
thereby  multiply  7  Feet  5  Inches  9  Pans :  Firft,  I 
fay,  3  times  9  is  27  Parts,  that  is,  2  Inches  and  3 
Parts;  fet down  3  under  the  Parts,  and  carry  2,  lay- 
ing 3  times  5  is  15,  and  2  I  carry  is  17,  that  is,  i 
Foot  5  Inches;  fecdown  5  Inches,  and  carry  i,  and 
fay,  3  times  7  is  21,  and  1  J  carry  is-  22  ;  iet  down 
22  Feet  :  Then  begin  with  5  Inches,  faying  5  times 
9  is  45,  whicii  is  45  Seconds,  which  mnke  3  Parts 
and  9  Seconds ;  fet  down  9  Seconds  a  Place  towards 
the  Right-hand,  and  carry  3  Parts,  faying,  5  times 
5  is  25,  and  3  I  carry  is  20,  which  is  2  Inches  and  ^ 
Parts  ;  fet  down  4  Parts,  and  carry  2,  faving,  5  cimes 
7  is  35,  and  2  I  carry  is  37,  whirhis  3  Feet  1  Inch; 
fet  down  3  Feet  i  Inch,  and  begin  to  multiply  by  3 
Parts,  faying,  3  times  9  is  27  I'hirds,  that  is,  2  Se- 
conds and  3  Tiiirds  ;  iet  down  3  Thirds,  and  carry 
2,  faying,  3  times  5  is  15,  and  2  I  carry  is  17,  that 
is,  I  Part  and  5  Seconds ;  fet  down  5  Seconds,  and 
carry  i,  faying,  3  times  7  is  21,  and  i  I  carry  is  22, 
v/hich  is  1  Inch  and  10  Pares,  which  fet  down,  and 
add  all  up,  and  the  PrcduCl  is  25  Feet  8  Inches  6 
Parts  2  Seconds  3  Thirds. 

Note,  That  in  mulciplying  Feet,  Inches,  and  Parrs, 
He.  if  Feet  be  muhiplied  by  Feet,  the  Product  is  Feet ; 
and  Feet  multiplied  by  Inches,  the  Produd  is  inches ; 

G  3  ♦     and 
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and  the  twelfth  Part  is  Feet;  and  Parts  multiplied 
by  Feet,  the  Produdl  is  Parts,  and  the  twelfth  Part 
thereof  is  Inches;  Parts  multiplied  by  Inches,  the 
Produdl  is  Seconds,  and  the  twelfth  Part  thereof  is 
Parts;  and  Parts  multiplied  by  Parts,  the  Produftis 
Thirds,  and  the  twelfth  Part  thereof  is  Seconds.  So 
that  if  you  begin  to  multiply  Parts  by  Feet  in  the  firft 
Row,  and  Parts  by  Inches  in  the  fecond  Row,  and 
Parts  by  Parts  in  the  third  Row,  the  firil  Figures  in 
every  Row  will  ftand  a  Place  more  towards  the  Right- 
hand,  as  you  may  fee  in  the  lail  Example. 

Example  I  z.  Let  37  Feet  7  Inches  5  Parts  be  mul- 
tiplied by  4  Feet  8  Inches  6  Parts. 


F. 

I. 

P. 

37 

7 

5 

4 

8 

6 

J  50 

5 

8 

S. 

12 

6 

5 

8 

12 

6 

5 

8 

To 

I 

6 

9 

8 

6 

177     1506 

Firll,  I  multiply  by  4  Feet,  faying,  4  limes  5  is 
20,  which  is  I  Inch  8  Parts  ;  fet  down  8,  and  carry 
1,  faying,  4  times  7  is  28,  and  i  I  carry  is  29^  which 
is  2  Feet  5  Inches;  fet  down  5  Inches,  and  carry  2, 
faying,  4  times  7  is  28,  and  2  I  carry  is  30  ;  fet  down 
c,  and  carry  3,  and  fay,  4  times  3  is  \z\  and  3  i)  15  ; 
fet  down  i  ^.  Ihen  1  begin  with  8  Inches  ;  but,  be- 
caufe  the  Feet  in  the  Multiplicand  are  more  ihan  i  2, 
it  will  be  the  belt  Way  to  work  for  the  aliquot  Parts 
of  8  ;  fo  here  I  work  for  4  Inches,  and  fet  that  down 
twice,  4  being  the  third  Part  of  1  2  ;  therefore  take 
the  third  Part  of  37  Feet  7  Inches  5  Parts,  which 
is  twelve  Feet  fix  inches  five  Parts  eight  Seconds;, 
fet  this  down  twice  :  Then  begin  with  6  Parts ;  but, 
inftead  cf  multiplying,  take  half  37  Feet  7  Inches 

5  Parts 
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5  Parts  (becaufe  6  is  half  12),  and  fet  it  a  Place 
more  to  the  Right-hand  :  Thus,  the  half  of  37  Feet 
is  18,  which  I  mull  count  18  Inches,  becaufe  the 
Multiplier  is  6  Parts ;  fo  the  half  of  37  Feet  7  Inches 
5  Parts,  is  one  Foot  fix  Inches  nine  Parts  eight  Se- 
conds fix  Thirds;  which  fet  down,  and  add  all  up 
together,  and  the  Sum  is  177  Feet  i  Inch  5  Parts  o 
Seconds  6  Thirds. 

Example  1 3 .  Let  3 1 1  Feet  4  Inches  7  Parts  be  mul- 
tiplied by  36  Feet  7  Inches  5  Parts, 


F. 

I. 

P. 

311 

4 

7 

36 

7 

5 

1866 

933 

S. 

»03 

9 

6 

4 

11 

10 

I 

9 

T, 

8 

7 

9 

6 

4 

2 

1 

1 1 

4 

7 

32 

0 

0 

0 

0 

I 

0 

0 

0 

0 

9 

0 

0 

0 

I  1402       2       41111 


In  this  Example,  becaufe  the  Feet  both  in  the 
M  ukiplier  and  M  ukiplicand  are  compound  Numbers, 
I  firfl  multiply  the  Feet  one  by  the  other;  then  take 
the  aliquot  Parts  of  7  Inches ,  which  are  4  Inches  and 
3,  that  is,  a  third  and  a  fourth  Part;  fo  take  the  third 
Part  of  3  1 1  Feet  4  Inches  7  Parts,  which  is  10^  Feet 
9  Inches  6  Parts  4  Seconds,  and  the  fourth  Part  is  77 
Feet  10  Inches  i  Part  9  Seconds ;  fet  thefe  down  one 
under  another,  the  Feet  under  the  other  Feet ;  then  the 
aliquot  Parts  of  5  Parts  are  4  and  1,  that  is,  a  third  and 
twelfth  Part ;  fo  the  third  Part  of  3  1 1  Feet  4  Inches 
7  Pares  is  103  Feet  9  Inches  6  Parts  4  Seconds  ;  but, 
becaufe  the  Multiplier  is  Parts,  it  mull  be  fet  a  Place 
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to  the  Right-hand,  that  is,  the  103  muft  be  Inches, 
Avhich  is  8  Feet  7  Inches;  therefore  I  fet  down  8 
Feet  7  Inches  9  Parts  6  Seconds  4  Thirds.  Then, 
becaufe  i  Inch  is  a  fourth  Part  of  4  Inches,  therefore 
I  take  a  fourth  Part  of  8  Feet  7  Inches  9  Parts  6  Se- 
conds 4  Thirds,  which  is  2  Feet  1  Inch  1 1  Parts  4  Se- 
conds 7  I'hirds,  which  is  the  fame  as  if  I  had  taken 
a  twelfth  Part  of  3  1 1  Feet  4  Inches  7  Parts.  Then 
for  4  inches  in  the  Multiplicand,  inilead  of  muld- 
plying  36  Feet  by  it,  take  a  third  Part,  becaufe  4 
Inches  is  the  third  Part  of  12;  (o  the  third  P-art  of- 
36  is  12  Feet,  and  the  aliquot  Parts  of  7  Parts  are  4 
and  3,  that  is,  a  third  and  a  fourth  ;  fo  the  third  Part 
of  36  is  12,  v'hich  now  is  12  Inches,  that  is,  1  Foot, 
and  the  fourth  Part  is  9  Inches ;  add  ail  thcfe  toge- 
ther, and  the  Sum  will  be  11402  Feet  2  Inches  4 
Parts  II  Seconds  11  Thirds. 

Example  1 4.  Let  8  Feet  4  Inches  3  Parts  5  Seconds 
6  Thirds,  be  multiplied  by  3  Feet  3  Inches  7  Parts  8 
Seconds  2  Thirds. 


F. 

I. 

P. 

S. 

T. 

8 

4 

3 

5 

6 

3 

3 

7 

8 

25 

0 

10 

4 

6 

2 

I 

0 

10 

4 

6 

4 

10 

6 

0 

2 

6 

5 

6 

10 

3 

8 

0 

I 

4 

8 

6 

II     0 

ProdusTt  27     7     3     5     I     8     8   II     o 

In  this  lall  Example  there  is  no  DiiHculty,  if  yoa 
(do  but  obferve  the  former  Direcllons,  and  fet  every 
Row  a  Place  more  to  the  Right-hand. 


lihall 
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I  fhall  only  fet  down  the   working  of  fonae  few 
Examples  more,  and  fo  conclude  this  Chapter. 

F.     I.    P.  F.     I.    P. 

321     7     3  42     7     8 

936  736 


2894 

80 

»3 

5 
4 

3 
9 
9 

S. 
7  6 

2988 

2 

10 

4  6 

298 
10 

I 

5 
7 
9 

8 
1 1  S. 

3  »o 

310 

10 

10  10 

F. 

I. 

P. 

F. 

I. 

P. 

124 

7 

9 

259 

lO 

8 

H 

6 

2 

j8 

5 

4 

496 

2072 

124 

S. 

259 

S. 

62 

3 

10 

6T: 

86 

7 

6 

8 

I 

8 

9 

3 

6 

21 

7 

lO 

8  T. 

7 

0 

0 

0 

0 

7 

2 

7 

6  8 

I 

2 

0 

0 

0 

9 

0 

0 

0  0 

7 

0 

0 

0 

6 

0 

0 

0  0 

3 

6 

0 

0 

I 

0 

0 

0  0 

1809 

I 

I 

9 

6 

4793 

6 

0 

10  8 

267 
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F.  I.   P.                                 F.     I.  P. 

267  7  10                                317    9  7 

25  9     7                                   37     5  9 


1335 

2219 

534 

9S^ 

S. 

133 

9 

II 

S. 

105 

II 

2 

4 

66 

10 

II 

6 

26 

5 

9 

7T. 

1 1 

I 

9 

11  T. 

13 

2 

10 

9  6 

I 

10 

3 

7  10 

6 

7 

S 

4  9 

12 

6 

0 

0  0 

18 

6 

0 

0  0 

2 

I 

0 

0  0 

9 

3 

0 

0  0 

I 

0 

6 

0  0 

I 

6 

6 

0  0 

8 

4 

0  0 

3 

1 

0  0 

6905    o    5     o  10  11910    9  II     I     3 
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CHAP.     I. 

Menjuration  of  Superficies. 

Superfcial  Figures  are  all fuch  as  hanje  only  Length  and 
Breadth,  ?:ot  ba-uing  any  commenfurable  Tbicknejs, 

§   I.      Of  a   SqJJ  AR  E. 

AS  Qjj  A  R  e   is  a  Geometrical  Figure,  having 
fourequal  Sides,  and  as  many  right  (orfquare) 
Angles.  To  find  thefuperficial  Content  there- 
of, this  is 


The    RULE. 

Multiply  the  Side  into  itfcif,  and  the  Produ6l  is 
the  Content. 

Let 


72 


Menjuration  of  Superficies,     Part  II. 

Let  A  B  C  D  be  a  Geometrical  Square  given,  each 
Side  being  1 4  Feet,  Yards,  Poles,  or  other  Meafure ; 
multiply  14  by  itfelf,  and  the  Produdl  is  196,  which 
is  the  fuperficial  Content. 


B 


14 


D 


n 

■•— 

— 

_ 

L 

_ 

'■   - 

>*4 

4^ 


56 

14- 

196  Produ^. 


I 


1± 


By  Scale  and  Compajfes. 

Extend  the  CompafTes  from  i,  in  the  Line  of 
Numbers,  to  14;  the  fame  Extent  will  reach  from 
the  fame  Point,,  turned  forward  to  196. 

Demcnjiraticn,  Let  each  Side  of  the  given  Square 
be  divided  into  14  equal  Parts,  and  Lines  drawn 
from  one  another,  crofling  each  other  within  the 
Square ;  fo  fhail  the  whole  great  Square  be  divided 
into  196  little  Squares,  as  you  may  fee  in  the  Figure 
above,  equal  to  the  Number  of  Square  Feet,  Yards, 
Poles,  or  other  Meafures,  by  which  the  Side  was 
meafured. 


§  II. 


I 


Chap.  I.    Menjuration  of  Superficies.       yj 

§  1 1.     Of  a   Parallelogram,    or 

Long  Square, 

A  Parallelogram  is  a  Figure  hnving  four  Sides,  and 
as  many  Right  Angles,  the  oppofite  Sides  of  it 
being  equal  and  parallel.  To  find  the  fuperficial 
Content,  this  is 

The    R  U  L  E. 

Multiply  the  Length  by  the  Breadth,  and  the  Pro- 
dud  is  the  fuperficial  Content. 


18 


D 


1 

, 

1 

L_ 

L_ 

L_ 

1 

Length  - 
Breadth 


i8 

9 


B 


Produdl  — 162 

Let  A  B  C  D  be  a  long  Square,  the  Length  of  it 
18  Feet,  and  the  Breadth  9  Feet ;  which  multiplied 
together,  the  Produd  is  162,  the  fuperficial  Content. 

By  Scale  and  Compaffes* 

Extend  the  Compafles  in  the  Line  of  Numbers 
from  I  to  9,  the  fame  Extent  will  reach  from  18  to 
162,  the  fquarc  Feet. 

H  Demon- 
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Demonjlration.  If  the  Sides  AB  and  CD  be  each 
divided  into  i8  equal  Parts,  reprefenting  18  Feet; 
and  the  Lines  AD  and  BC  each  divided  into  9  equal 
Parts,  and  Lines  drawn  from  Point  to  Point,  crolfing 
each  other  within  the  Figure  ;  thofe  Lines  will  make 
thereby  fo  many  little  Squares  as  there  are  fquare 
Feet,  'viz.^  162. 

§  III.     Of  a   Rhombus. 

A  Rhombus  is  a  Figure  reprefenting  a  Quarry  of 
Glafs,  having  four  equal  Sides,  the  Oppcfite 
ones  being  equal,  two  Angles  being  obtufe,  ^nd 
two  acute.  To.iind  the  fuperficial  Cement  thereof, 
this  is 

The     RULE. 

Multiply  one  of  the  Sides  by  a  Perpendicular  let 
fall  from  one  of  the  obtufe  Angles  to  ihe  oppoiiie 
Side,  and  the  Produft  is  the  Content. 


Perpend.      13-42 
The  Side      15.5 


6710 
67  lO 

1342 


P/odud  208.0 io  ^ 


E 


.B 


Let  ABCD.be  a  Rhombus  given,  whoie  Sides  avp 
each  15.5  Feet,  and  the  Perpendicular  EA  is  13.42, 
which  multiplied  together,  the  Produftis  208  010; 
ivhich  is  the  fuperficial  Content  of  the  Rhombus, 
th«it  is,  208  Feet  and  one  hundredth  Part  of  a  Foot. 

By 
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By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  i  to  13.42,  that  Ex- 
tent will  reach  from  15.5,  the  fume  Way  to  208  Feet, 
the  Content. 

D^mo"Jlration.  Let  C  D  be  extended  out  to  F, 
making  DF  equal  to  CE,  and  draw  the  Line  KF  ; 
fo  fhall  the  Triangle  D3F  be  equal  to  the  Triangle 
ACE  :  For  DF  and  CE  are  equal,  and  BF  is  equal 
to  AP2,  becaufe  AB  and  CF  are  parallel.  There- 
fore the  Parallelogram  ABcF  is  equal  to  the  Rhom- 
bus ABCD. 

§  IV.    Of  a   R  H  0  M  B  0 1  D  E  s. 

ARhomboIdes  is  a  Figure  having  four  Sides,  the 
oppofitc  ones  being  equal  and  parallel ;  and 
alfo  four  Angles,  the  oppofite  of  which  are  equal. 
To  find  the  fuperficial  Content  thereof,  this  is 

The    RULE. 

Multiply  one  of  the  longefl:  Sides  by  the  Perpen- 
dicular let  fall  from  one  cf  the  obtufe  Angles  to  one 
of  the  longeft  Sides,  and  the  Produdl  is  the  Content, 


19.5 
10.2 


390 
i9<;o 


198.90 

H  z  Let 
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B 


D 


E 


Let  ABCD  be  a  Rhomboides  given,  whofe  longeft 
Sides,  AB  or  CD,  is  19.5  Feet,  and  the  Perpendi- 
cular AE  is  10.2  ;  which  multiplied  togetlier,  the 
Produd  is  198.9,  that  is,  198  fuperficial  Feet  and  ^ 
tenth  Parts,  the  Content. 

Demonjf ration.  If  DC  be  extended  to  F,  making 
CF  equal  to  DE,  and  a  Line  drawn  from  B  to  F  ;  fo 
>v5ll  the  Triangle  CBF  be  equal  to  the  Triangle 
ADE,  and  the  Parallelogram  AEFB  be  equal  to  the 
Rhomboides  ABCD ;  which  was  to  be  proved. 

•P.o»c»«»opcocflooocooccccooc>tcoe«o>ooo«Ow»o»ocaocaoe»oweco>BoeBeo<>»«fMftteMt«<» 


§V,    0/^  Triangle. 

A  Triangle  is  a  Figure  having  three  Sides  and 
three  Angles.  Triangles  are  cither  right-an- 
gled or  oblique-angled.  Right-angled  Triangles 
are  fuch  as  have  one  Right  Angle.  Oblique-angled 
Triangles  are  fuch  as  have  their  Angles  either  acute 
or  obtufe.  An  obtufe  Angle  is  greater  than  a  Right 
Angle,  that  is,  it  is  more  than  90  Degrees;  and  an 
acute  Angle  is  lefs  than  a  Right  Angle.  To  find  the 
fuperficial  Content  thereof,  this  is 
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The     RULE. 

Let  the  Triangle  be  of  what  Kind  foever,  multi- 
ply the  Bdfb  by  half  the  Perpendicular,  or  half  the 
Bafe  by  the  whole  Perpendicular;  or,  multiply  the 
whole  Bafe  by  the  whole  Perpendicular  ;  and  tike 
half  the  Produdl ;  any  of  thefe  three  Ways  will  give 
the  Content. 

Let  A  B  C  be  a 
Right-angled  Tri- 
angle, whofe  Bafe  is 
14..  I  Feet,  and  the 
Perpendicular  12 
Feet.  Multiply  14.  i 
by  6,  half  the  Per- 
pendicular, and  the 
Produ6lis84.6Feet, 
the  Content  Or, 
multiply  14.1  by 
1 2,  the  Produdl:  is 
169.2  ;  the  half  of 
which  is  84.6,  the  fame  as  before. 


1 4. 1    Bafe. 

6  Half  Perpendicular. 

84.6  Produa. 


14. 1  Bafe. 
12  Perpendicular. 


169.2  Produ<5l. 


84.6  Half. 

By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  2  to  14. 1,  that  Ex- 
tent will  reach  the  fame  Way  from  12  to  84.6  ittt, 
the  Content. 


H  3 


>5-4 
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C  15.4  Bafe. 

E  3-9  HalfPerp. 


1384 
462 


X) 

15,4  Bafe, 
7.8  Perpend. 

1232 
1078 


B 


60.06  Produdl. 


7.7  Half  Bafe. 

7.8  Perpendicular. 

616 
539 


120.12 


60.06  Product. 


60.06  Half. 


Let  ABC  {Fig.  2.)  bean  oblique-angled  Triangle 
given,  whofe  Bafe  is  15.4,  and  the  Perpendicular 
7.8  ;  if  1 5.4  be  multiplied  by  3.9  (half  the  Perpen- 
dicular), the  Product  will  be  60.06  for  the  Area,  or 
fuperficial  Content:  Or,  if  the  Perpendicular  7.8  be 
multiplied  into  half  the  Bafe  j,jy  the  Produft  will  be 
60.06  as  before :  Cr,  if  1 5 .4,  the  Bafe,  be  multiplied 
by  the  whole  Perpendicular  7.8,  the  Produdlwill  be 
1 20. 1 2,  which  is  the  double  Area  ;  the  Half  thereof 
is  60.06  Feet,  as  before.     See  the  Work. 


By  Scale  and  Compajfes. 

Extend  the  CompafTes  from  2  to  15.4,  that  Extent 
ivill  reach  from  7.8  to  60  Feet,  the  Content. 

Bemonjiration.  If  AD  [Fig.  i)  be  drawn  parallel 
to  BC,  and  DC  parallel  to  AB  ;  the  Triangle  ADC 
Ihall  be  equal  to  the  given  Triangle  ABC.  Hence 
the  Parallelogram  ABCD  is  double  to  the  given  Tri- 
angle ;  therefore  half  the  Area  of  the  Parallelogram 


IS 
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is  the  Area  of  the  Triangle.  In  Fig,  2,  the  Parallelo- 
gram ABEF  is  alfo  double  to  the  Triangle  ABC; 
for  the  Triangle  ACFis  equal  to  the  Triangle  ACD, 
and  the  Triangle  BCE  is  equal  to  the  Triangle 
BCD  ;  therefore  the  Area  of  the  Parallelogram  is 
double  to  the  Area  of  the  given  Triangle :  Which 
was  to  be  proved. 

^0  find  the  Area  of  any  plain  Triangle  hy 
having  the  three  Sides  giveny  without  the 
Help  of  a  Ferpendicular. 

The    KV  hZ. 

Add  tlie  three  Sides  together,  and  take  half  that 
Sum  :  Then  fubtraft  each  Side  feverally  from  that 
half  Sum.  Which  done,  multiply  that  half  Sum  and 
the  three  Differences  continually,  and  out  of  the  lad 
Produdl  extradl  the  Square  Root;  which  Square 
Root  fhall  be  the  Area  of  the  Triangle  fought. 

Example*  Let  ABC  be  a  Triangle,  whofe  three 
Sides  are  as  followeth  ;  viz,  AB  43.3,  AC  20.5,  and 
BC  31.2,  the  Area  is  required. 


>ides<  31. 
i  20. 


43.3 


3l    4-27 


2     16.3  S.  Differences. 
5  I  27-0  J 


Sum      95.0 
Half     47.5 


Area 
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Area  296.31  47.5  The  half  Sum. 

27  Difference. 

3325 
950 

1282.5   Procucft. 
16.3  Difference. 


38475 
76950 

12825 


.20904.75   Produft. 

4.2  Difference. 


4180950 
?>36i90o 


87799. 9500(296.3? 
4 


49)477 
441 

586)3699 
3516 

5923)18^,95 
17769 


59261)62600 
59:61 


3339  Remains. 


Demon' 
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Demon]} ration.  In  the  Triangle  BCD,  1  fay,  if  from 
the  half  Sum  of  the  SiJcs,  you  fubcra^l  each  parti- 
cular Side,  and  mul- 
tiply the  half  Sum 
and  the  three  Differ- 
ences together  conti- 
nually, the  Square 
Root  of  the  Produdl 
fliall  be  the  Area  of 
the  Triangle. 

Firft,  by  the  Lines 
Br,  CI,  and  DI,  bi- 
fe<^  the  three  Angles, 
which  Lines  will  all 
meet  in  the  Point  J  ; 
by  which  Lines  the 
given  Triangle  is  bi- 
vided  into  three  new 

Triangles,  CBI,  DCI,  and  BDI;  the  Perpendiculars 
cf  which  new  Triangles  are  the  Lines  AI,  EI,  and 
or,  being  all  equal  to  one  another,  becaufe  the 
Point  I  is  the  Center  of  the  infcribed  Circle  (by 
Euclid,  Lib.  IV.  Prob.  4.)  :  Wherefore  to  the  Side 
BC  join  CF  equal  to  DE,  or  DO  ;  fo  ihall  BF  be 
equal  to  half  the  Sum  of  the  Sides  j  i<iz,  z=  J  BC  -j- 
iBD-f-f  CD. 

AndBArzBF— CD;forCAzrCOandOD=CF; 
therefore  CDzzAF;  and  ACzrBF— BD,  forBE=: 
BA,  and  EDi^CF;  therefore  BD  =  BA  +  CF,  and 
CF=BF-BC. 

Make  FH  perpendicular  to  FB,  and  produce  BI 
to  meet  it  in  H.  Draw  CH,  and  HK  perpendicu- 
lar to  CD.  Becaufe  the  Angle  FCK  +  FHK  are 
equal  to  two  Right  Angles  (for  the  Angles  F  and  K. 
are  Right  Angles)  equal  alfo  to  FCK-fACO  (by 
Euclid.  I.  13.),  and  the  Angles  ACO-f  AIO  are 
equal  to  two  Right  Angles ;  therefore  the  Quadran- 
gles FCKH  and  AIOC  are  alike;  and  the  Trian- 
gles CFH  and  AIC  are  alfo  fimilar.  And  the  Tri- 
iingle-i  BAI  and  BFH  are  likewife  fimilar. 

Fxom 
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From  this  Explanation,  I  fay,  the  Square  of  the 
Area  of  the  g'ven  Triangle  ;  that  is,  EF  y  X  lA  q-:z 
BFxBAxCAxCF,     In  Words: 

The  S.;}uare  of  BF  (the  half  Sum  of  the  Sides) 
multiplied  into  the  Square  of  1  A  (rilEnIO)  will 
be  equal  to  the  faid  half  Sum  multiplied  into  all  the 
three  Differences. 

For  lA  :  BA  :  :  FH  :  EF  ;  and  lA  :  CF  :  :  AC  : 
FH  ;  becaufe  the  Triangles  are  finjilar.  By  Euclid, 
Lib.  VI.  Prop  4. 

Wherefore  multiplying  the  Extremes  and  Means  in 
both,  it  will  be  lA  yXBF  xFH-BA  x  CA  xCF  X 
FH  ;  but  FH  being  en  both  Sides  of  the  Equation, 
it  may  be  rejected  ;  and  then  multiply  each  Part  by 
BF,  it  will  be  BF  ^'XlA  yzrBFxBA  xCAxCF. 
"Which  was  to  be  demonllrated. 


-    §  VI.    Of  a  Trapezium, 

A  Trapezium  is  a  Figure  having  4  unequal  Sides, 
and  oblique  Angles.     To  find  the  Area  or  fu- 
perficial  Content  thereof,  this  is 

The    RULE. 

Add  the  two  Perpendiculars  together,  and  takre 
half  the  Sum,  and  multiply  that  half  Sum  by  the 
Diagonal,  or  multiply  the  whole  Sum  by  half  the 
Diagonal,  the  Produdl  is  the  Area.  Or  you  may 
iind  the  Areas  of  the  two  Triangles,  ABC  and  A  CD 
(by  Sedion  V.),  and  add  thofe  two  Areas  together, 
the  Sum  fhall  be  the  Area  of  the  Trapezium. 


BF— 30.1 
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BF  =  3o.t 
DE=:24.5 


Sum  54.5 

Half  27.3 

A^' =1:80.5 


21840 

Area    2197.65 

Let  A  BCD  be  a  Trapezium  given,  the  Diagonal 
©f  which  is  80.5,  and  the  Perpendicular  BF  30  i ,  and 
the  Perpendicular  DE  24.5  ;  thefe  iwo  added  toge- 
ther, the  Sum  is  54.6,  the  Half  of  which  is  27.3, 
and  this  being  multiplied  by  the  Diagonal,  80.5,  the 
Produft  is  2197.65,  which  is  the  Area  of  the  Trape- 
zium ;  or  if  40  25,  half  the  Diagonal,  be  multiplied 
by  54.6,  the  whole  Sum  of  the  Perpendiculars,  the 
Pi-odu6l  1%  2497.65,  the  fame  as  before. 
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By  S.cale  and  Compaffes, 

Extend  the  CompafTes  from  2  1054.6  ;  that  Extent 
will  reach  from  80.5  to  2197.65,  the  Area. 

Demonjiration.  This  Figure  ABCD  is  compofed  of 
two  Triangles,  the  Triangle  ABC  is  half  the  Paral- 
lelogram AGHC  :  AlfotheTriangleACD  is  equal  to 
half  the  Parallelogram  ACIK,  as  was  proved,  Se6l. 
V.  Wherefore  the  Trapezium  ABCD  is  equal  to  half 
the  Parallelogram  GHIK.  To  find  the  Area  lll~ 
BF  +  DE;  therefore!  HI X AC  (=:KIzzGHz:Area 
of  the  Trapezium,  which  was  to  be  proved. 

§  VIL    0/ Irregular  Figures. 

IRregular  Figures  are  all  fuch  as  have  more  Sides 
than  four,  and  the  Sides  and  Angles  unequal.  All 
/uch  Figures  may  be  divided  into  as  many  Triangles 
as  there  are  Sides,  wanting  two.  To  find  the  Area  of 
fuch  Figures,  they  muH  be  divided  into  Trapeziums 
and  Triangles,  by  Lines  drawn  from  one  Angle  to 
another ;  and  fo  find  the  Areas  of  the  Trapeziums 
and  Triangles  feverally,  and  then  add  all  the  Areas 
together ;  fo  will  you  have  the  Area  of  the  whole 
Figure. 

Let  ABCDEFG  be  an  irregular  Figure  given  to 
be  meafured;  firft,  draw  the  Lines  AC  and  GD, 
and  thereby  divide  the  given  Figure  into  two  Tra- 
peziums, ACGD  and  GDEF,  and  the  Triangle 
ABC  ;  of  ail  which  I  find  the  Area  feverally. 

Firll,  I  multiply  the  Bafe  AC  by  half  the  Perpen- 
dicular, and  the  Produd  is  49.6,  the  Area  of  the 
Triangle  ABC. 

'     .  Thea 


y 
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Then  for  the  Trnpeziiim  ACDG,  the  two  Per- 
pendiculars, II  and  6.6f  added  toge.her,  m.-ke 
17.6;  the  half  of  which  is  8.8,  mu  tiplied  by  29, 
the  Diagonal;  the  Produdi  is  255.2,  the  Area  of 
that  Trapezium. 

And  for  the  Trapezium  GDEF,  the  two  Perpen- 
diculars, 11.2  and  6,  added  together,  mak"  17.2  ; 
the  Half  is  'i.^\  which  multiplied  by  30. 5,  the  Dia- 
gonal, the  Produdl  is  262.3,  the  Area.  All  thefe 
Areas  added  together,  make  567.1,  and  fo  much  is 
the  Area  of  the  whole  irregular  Figure.  See  the 
Work. 


24  8  Bafe  AC. 

2  Half  Perpendicular. 


II  Perpendicular. 
6.6 


49.6  Area  of  ABC. 


17.6  Sum. 


8.8  Half. 
29  Diagonal  CG. 


792 

176 


255.2  AreaofACGD. 


II. 2 


86 
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.  S  rerpendiculars.         of. 


1^.2  Sum. 


3.6  Half  Sum. 


1830 
2440 

262.30  Area  oFGDEF. 

255.2     Area  of  ACGD, 

406     Area  of  ABC. 


567.1      Sumcf  the  Areas. 

This  Figure  being  compofed  of  Triangles  and 
Trapeziums,  and  th(  fe  Figures  being  iufficiently 
demoniliiitcd  in  the  Vth  and  Vlth  bedirns  afore- 
|!;o)ng,  it  \vil!  be  needlefs  to  meniion  any  thing  of 
the  Detiionflration  in  this  Place. 


§  Vlil.    0/ Regular  Polygons. 

"Ty  Egular  P-lygons  are  all  fuch  Figures  as  have 
XV  more  -han  Kmr  Sides,  all  the  Side-  and  Angles 
be  ng  fquc.l.  Po!)gons  are  den<  minated  from  the 
Number  uf  their  Sidc^  and  Angles. 


5 

G 
/ 

If  the  Figure  /     8  I 
conljiij  '  i     \        ' 
10  i 
1.  I 


'  Pentagon. 
Hexagon. 
Hepfaeon. 


Equal  Sides  and 
Anglcf.').  it  ;s 
calcd  a  Re-  ^  iinneag^n. 


( >cv£gon. 


gul 


tli' 


Decagon,' 
lindela/,on. 
^Dodecagon. 


To 
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To  find  the  Area  or  fuperiicial  Content  of  any  ro- 
gular  Polygon,  this  is 

The     RULE. 

Multiply  the  whole  Periinecer,  or  Sum  of  the 
Sides,  by  half  the  Perpendicular  let  fall  from  the 
Center  to  the  Middle  of  one  of  the  Sides;  or  mul- 
tiply the  half  Perimeier  by  the  whole  Perpendiculai*, 
and  the  Produft  is  the  Area. 


14.6 
3 

438  Half  Sum  of  the  Sides. 


12.64  The  Perpendicular. 
43.8  Half  Sum. 


101 12 

3792 
5056 

553-632 


14.6 


6 


87.6  Sum  of  the  Sides-. 
6.32   Half  Perpend. 


1752 
2628 


5256 


553.632  Area. 
I  2 


Let 
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Let  HIKLMN  be  a  regular  Hexagon,  each  Side 
being  14.6,  the  Sum  of  all  the  Sides  is  87.6,  the  half 
Sum  is  43.8,  which  multiplied  by  the  Perpendicular 
GS  12.64,  ^^^  Produce  is  553.632:  Or  if  87.6,  the 
whole  Sum  of  the  Sides,  be  multiplied  by  half  the 
Perpendicular  6.32,theProda6r  is  553.632,  the  fame 
as  before,  which  is  the  Area  of  the  given  Hexagon. 

By  Scale  and  Compajfes, 

Extend  the  Compares  from  i  to  12.64,  that  Ex- 
tent will  reach  from  43.8,  the  fame  Way  to  553.632  : 
Or,  extend  from  2  to  12.64,  that  Extent  will  reach 
from  87.6  to  55 3 '632. 

"Demonftration,  Every  regular  Polygon  is  equal  to 
the  Parallelogram,  or  long  Square,  whofe  Length  is 
equal  to  half  the  Sum  of  the  Sides,  and  Breadth 
equal  to  the  Perpendicular  of  the  Polygon,  as  ap- 
pears by  the  foregoing  Figure ;  for  the  Hexagon 
HIKLMN  is  made  up  of  fix  equilateral  Triangles  • 
And  the  Parallelogram  OPQR  is  alfo  compofed  of 
iix  equilateral  Triangles,  that  is,  five  v/hole  ones, 
and  two  Halves ;  therefore  the  Parallelogram  is  equal 
to  the  Hexagon, 
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A  Table  for  the  more  ready  finding  the 
Area  of  a  Polygon. 


Number 
of  Sides. 

Names. 

Aiultipliers. 

3 

Trigon 

•433^'3 

4 

Tetragon 

I  .coooco 

I 

Pentagon 
Hexagon 

1.720477 

2.598076 

7 
8 

9 

Heptagon 

Octagon 

Enneagon 

3-633912 

4.828427 
6.181824 

lO 

II 

12 

Decagon 
Endecagon 

Dodecagon 

7.69^209 
9.36564^ 

1 1. 196 1 52 

Multiply  the  Square  of  the  Side  by  the  Tabui^Vr 
Number,  and  the  Produdlis  the  Area  of  the  Polygon*  • 


How  to  find  theje  tabular  Numbers,- 

Thefe  Numbers  are 
found  by  Trigonometry, 
thus :  Find  the  An:j-le  ac 
the  Center  of  the  Polygon 
by  dividing  360  Degrees 
by  the  Number  of  Sides 
of  the  Polygon. 


Example.  Suppofeeach 
Side  of  the  Dodecajron 
annexed  be  i,  and  the 
Area  be  rec[uired. 


A  I>   S 


Divide 
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Divide  360  by  12  (the  Number  of  Sides),  and  the 
Quotient  is  30  Degrees  for  the  Angle  ACB  ;  the 
Half  of  which  is  15,  the  Angle  DCB,  whofe  Com- 
plement to  90  Degrees  is  75  Degrees,  the  Angle 
CBD  :  Then  fay  : 

As  s,  DCB  15  Degrees  is  Co-ar.  0.587004 

to  .5  the  Half-fide  DB.  Log.  9.698970 

fo  is  s,  CBD  75  Degrees,  9.984944 

to  the  Perpendicular  CD  1.866025      0.270918 


Then  1,866025  multiplied  by  6  (the  Half- peri- 
meter) the  Produ(fl  is  11.196152  the  Area  of  the 
Dodecagon  required. 


kO«^'>0>OK3«>OoO<>0"X3>oO<Xte^>'xSKxS><>0  >0  >0'X©< 


§  IX.     Of  a    Circle. 

A  Circle  is  a  plain  Figure,  contained  under  one 
Line,  which  is  called  a  Circumference,  unto 
v/hich  all  Lines  drawn  from  a  Point  in  the  Middle  of 
the  Figure,  called  the  Center,  and  falling  upon  the 
Circumference,  are  equal  the  one  to  the  other.  The 
Circle  contains  more  Space  than  any  plain  Figure  of 
equal  Compafs, 

Problem  I.  Having  the  Diameter  and  Circumfe- 
rence, to  find  the  Area. 

The     RULE, 

Every  Circle  is  equal  to  a  Parallelogram,  whofe 
Length  is  equal  to  half  the  Circumference,  and  the 
Breadth  equal  to  half  the  Diameter  j  therefore  mul- 
tiply 
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tiply  half  the  Circumference  by  half  the  Diameter, 
and  the  Prod  ad  is  the  Area  of  the  Circle. 


35.5   HalfCircumf. 
1 1.3  Half  Diameter. 


1065 

355 
355 


401.15 


Thus,  if  the  Diameter  of  a  Circle  (that  is,  the 
Line  drawn  crofs  the  Circle  through  the  Center)  be 
22.6;  and  if  the  Circumference  be  71,  the  Half  of 
71  is  35.5,  and  the  Half  of  22.6  is  i  [.3  ;  which 
multiplied  together,  the  Produ(5l  is  401.15,  which  is 
the  Area  of  the  Circle. 

Demonjiraiioji.  Every  Circle  may  be  conceived  to 
be  a  Polygon  of  an  infinite  Number  of  Sides,  and 
the  Semidiameter  mufl  be  equal  to  the  Perpendicu- 
lar of  fuch  a  Polygon,  and  l\\t  Circumference  of  ihe 
Circle  equal  to  the  Periphery  of  the  Polygon  ;  there- 
fore half  the  Circumference,  multiplied  by  half  the 
Diameter,  gives  the  Area  as  aforefaid. 


Or  (with  F.  IgJiat.  Gafion  Par  dies)  *'  Every  Circle 
is  equal  to  a  Redangular  Triangle,  one  of  whofe 
Legs  is  the  Radius,  and  the  other  a  Right  Line 
equal  to  the  Circumference  of  the  Circle  :  For 
fuch  a  Triangle  will  be  greater  than  any  Polygon 
infcribed  in,  and  lefs  than  any  Polygon  circum- 
fcribing  the  Circle,  by  the  24th,  25th,  26ih,  and 
27th  Articles  of  the  fourth  Book  of  his  Elements 
of  Geometry  ;  and  therefore  mull  be  equal  to  the 
Circle. 


ii 


For 
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*'  For  (fays  he)  fhould  it  be  greater  than  the 
'^  Circle,  be  the  Excefs  as  little  as  it  will,  a  Polygon 
**  may  be  circumfcribed  about  the  Circle,  whofe 
*'  Difference,  from  the  Circle,  fhall  be  yet  lefs  than 
*'  the  Difference  betv/een  the  Circle  and  the  reclan- 
"  gular  Triangle  ;  and  that  that  Polygon  will  be 
**  lefs  than  the  Triangle,  is  abfurd  ;  and  if  it  be 
**  faid,  that  this  redlangular  Triaagle  is  lefs  than 
*'  the  Circle,  an  infcribed  Polygon  may  be  made, 
*'  which  fhall  be  greater  than  that  Triangle  ;  which 
"  is  impoffible. 

'^  This  cannot  but  be  admitted  as  a  Principle,  That 
*'  if.  two  determinate  Quantities,  A  and  B,  are  fuch 
'*  thatifevery  imaginable  Quantity,  which  is  greater 
*'  or  lefs  than  A,  is  alfo  greater  or  lefs  than  B,  thefe 
**  two  Quantities  A  and  B  muil.  be  equal. 

**  And  this  Principle  being  granted,  which  is  in 
**  a  manner  felf-evident,  it  may  diredlly  be  proved, 
'■*  that  the  Triangle  (before-mentioned)  is  equal  to 
"  the  Circle  ;  becauie  every  imaginable  inicribed 
**  Figure,  which  is  lefs  than  the  Circle,  is  aJfo  lefs 
*'  than  the  Triangle ;  and  every  circumfcribed 
'**  Figure,  greater  than  the  Circle,  is  alfo  greater 
**  than  the  Triangle." 

Prohlem  2.  Having  the  Diameter  of  a  Circle,  to 
find  the  Circumference. 

As  7  to  22,  fo  is  the  Diameter  to  the  Circumfe* 
rence. 

Or,  as  1 13  to  355,  fo  is  the  Diameter  to  the  Cir- 
cumference. 

Or,  as  I  to  3-i4i593>  ^o  is  the  Diameter  to  the 
Circumference. 

Let  the  Diameter  (as  in  the  former  Circle)  be  22.6, 
this  multiplied  by  22,  and  the  Produd  15497.2; 
which,  divided  by  7,  gives  71.028  for  the  Circum-  - 

ftrcnce^ 
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ference.  Or  (by  the  fecond  Proportion)  if  22.6  be 
multiplied  by  355,  the  ProdiKH:  will  be  8023  ;  this 
divided  by  113,  the  Quotient  is  71,  the  Circumfe- 
rence. Or  (by  the  third  Proportion)  if  22.6  be  mul- 
tiplied into  3.141593,  the  Produ(^  is  71. ooocoiS 
the  Circumference  i  which  two  lait  Proportions  are 
the  moll  exact. 

22.6  355 

22  22.6 


452         ^  2130 

452  '  710 

710 


7)497.2(71.023 


113)8023.0(71 
791 

3.141593.  

22.6  113 

113 

18849558  

6283186 
6283186 
»     ■  ■   ■ 
71.0000018 

By  Scale  and  Compajfes. 

Extend  the  CompaiTes  from  7  to  22,  or  from  113 
to  355,  or  from  1  to  3. 141 59  ;  that  Extent  will  reach 
from  22.6  to  71. 

The  Proportion  of  the  Diameter  of  a  Circle  to  the 
Circumference  was  never  yet  exactly  found,  not- 
withltanding  many  eminent  and  learned  Men  have 
laboured  very  far  therein  ;  among  which  the  excel- 
lent Van  Culen  hath  hitherto  outdone  all,  in  his 
having  calculated  the  faid  Proportion  to  36  Places 
of  Decimals,  which  are  engraven  upon  his  Tomb- 
llone  in  St.  Fetsr'^  Church  in  Leycten-,  which  Num- 
bers are  thefe : 

Diameter. 
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Diameter. 

l.OOCOO.OOOOO.COCOO.OOOOO.OOCOO.OOCOO.OOCOO. 

circumference. 
3.14159.26535.89793.238^6.26453  83279.50288. 

Of  which  1  irge  Number,  thefe  fix  Places,  3. 141  59, 
anfwering  to  the  Diameter  i.coooo,  may  be  fufh- 
cient ;  of  the  three  Proportions,  as  7  to  22,  1 1  3  to 
355,  and  1  to  3.14159,  I  Oiall  leave  my  Reader  to 
ufe  which  of  them  he  pleafes,  but  /hall  commend  the 
lafl  two  as  moft  exadl,  tho'  the  firll  be  moil  in  Ufe  : 
But  in  the  following  Work  I  fhall  ufe  fometime^  one 
of  them,  and  fomeiimes  another;  bu*  for  the  moll 
Part  that  of  f^an  Culen^  as  being  mofl  exad. 

Problem  3 .  Having  the  Circumference  of  a  Circle, 
to  find  the  Diameter. 

As  1  is  to  .3 18309,  foisthe  Circumference  to  the 
X)iameter. 

Or,  as  355  to  113,  fo  Is  the  Circumference  to  the 
Diameter. 

Or,  as  22  to  7,  fo  is  the  Circumference  to  the 
Diameter. 

Let  the  Circumference  be  71  (a?  In  the  former 
Circle),  if  .318309  be  muliiplied  by  71  (as  by  the 
firfl  Proportion),  the  Produd  will  be  22.5999239 
for  the  Diameter.  Or,  by  the  fecond  Proportion, 
113  multiplied  by  71,  the  Produft  is  8023  ;  which 
divided  by  355,  the  Quotient  will  be  22.6  the  Dia- 
meter. Or,  by  the  third  Proportion,  71  multiplied 
by  7,  the  Produdl  is  497  ;  this  divided  by  22,  the 
Quotient  is  22.5909,  the  Diameter. 


.3-^8309 
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.318309  113  71 

71  7'  7 


31^309 

2228163 

»'3 

791 

• 

.6 

22)497(22.59 
4+ 

22.599939 

355)8023(22 
7  10 

923 

710 

57 

44- 

J  30 

1  fO 

2130 
2130 

200 

■98 

Thus,  by  both  thefirft  Proportions,  the  Diameter 
is  22.6,  but  by  the  lall  it  falls  fomething  Ihort. 

By  Scale  and  CompaJJes, 

Extend  the  Compafles  from  3. 14159  to  i,  that  Ex- 
tent will  reach  from  -^  i  to  22.6,  wnich  is  the  Dia- 
meter fjught. 

Or,  you  may  extend  from  1  to  .318309* 

Or  from  22  to  7. 

Or  from  355  to  1 13  ;  the  fame  will  reach  from  71 
to  2 2. 6 J  as  before. 

Note^  Th^it  :f  the  Circumference  be  i,  the  Dia- 
meter will  be  .318309. 

Problem  4.  Having  the  Diameter  of  a  Circle,  to 
find  the  Area.  / 

All  Circles  are  in  Proportion  one  to  another,  as 
are  the  Squares  of  their  Diameters  {by  Euclid.  12.2). 
Now,  the  Area  of  a  Circie,  »\hofe  Diameter  is  i, 
will  be  .785398,  according  to  ^^«  Culen\  Proportion 

before- 
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before-mentioned  ;  but  for  Praftice   .7854  will  be 
fuificient :  Therefore, 

As  I  (the  Square  of  the  Diameter  i)  is  to  .7854, 
fo  is  510.76  (the  Square  of  22,6,  the  Diameter  of 
the  given  Circle)  to  401.15  (the  Area  of  the  given 
Circle) :  But, 

According  to  Metius^s  Proportion, 

As  452  :  355  :  :  510.76  :  401.15,  the  fame  as 
before. 

But,  if  you  ufe  Archimedesh  Proportion,  fay. 

As  14  :  II  ::  51076  :  401.31;  which  Area  is 
greater  than  by  the  two  former  Proportions  ;  though 
in  fmali  Circles  this  is  near  enough  the  Truth.  See 
the  Working  of  all  thefe. 

22.6  Diameter  of  the  former  Circle. 
22.6 

1356 
452 

452 


5  10.76  the  Square  of  the  faid  Diameter. 

As  I    :   .7854  :  :  51076 
.7854 
»— .^-"  ■     . 
204304 
255380 
408608 

357532 


401.150904  the  Area. 


By 
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By  Scale  and  Compajfes, 

The  Extent  from  i  to  22.6,  being  twice  turned 
over  from  .7854,  will  fall  at  the  lall  upon  401.15, 
the  Area. 


113 

4 

As  452 

:  355  :  :  510.76 
355 

452 

255380 
2553S0 
153228 

452)181319.80(401.15 
1808 

519 
452 

678 
452 

2260 
2260 

K  As 
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As  14  :   n    ;  ;  510.76 


II 


14)5618.36(401.31 
18 

43 
42 


16 

H 


Problem  5.  Having  the  Circumference  of  a  CIrck 
to  iind  the  Area. 

Becaufe  the  Diameters  of  Circles  are  proportional 
to  their  Circumferences ;  that  is,  as  the  Diameter  of 
one  Circle  is  to  iis  Circumference;  fo  is  the  Dia- 
meter of  another  Circle  to  its  Circumference:  There- 
fore the  Areas  of  Circles  are  to  one  another,  as  the 
Squares  of  the  Circum.ferences*  And  if  the  Circum- 
ference of  a  Circle  be  i,  the  Area  of  that  Circle  will 
be  . 07(958  ;  then  the  Square  of  i  is  i,  and  the  Square 
of  71  (the  Circumference  of  ths  former  Circle)  is 
5041.     Therefore  it  will  be, 

Sq.   Cir.     Area.     Sq.  Circumf. 
As      I     :   .07958    :   :    5041 
5041 


7958 
22  -  3^832 

4  397900 

18  401.16278 


Or 
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Or  thus ; 

As  88  :  7  :  :  5041 

7 


88)35287(460.98  Area. 
352 


870 
792 

4  704 

1420  76 

Or,  As  1420  :   113   :  :  5041   :  401.15  Area. 

Problem  6.  By  having  the  Diameter,  to  find  the 
Side  of  a  Square  that  is  equal  in  Area  to  that  Circle. 

If  the  Diameter  of  a  Circle  be  i,  the  Side  of  a 
Square  equal  thereunto  will  be  .8862.    Therefore^ 

As  I   :  .8862  ;  :  22.6  (the  Diameter) 
22.6 


53172 

17724. 

17724 


To  20.028 1 2  the  Side  of  the  Square  AC, 


K  z  Let 
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B 


Let  the  Diameter  of  the  Circle  EF  or  GH,  be 
22.6  (as  before),  to  find  the  Side  of  the  Square  AC, 
AD,  l^c.  If  .8862  be  multiplied  by  22.6,  the  Pro- 
dudi  is  20.02812,  which  is  the  Side  of  a  Square^ 
equal  in  Area  to  the  Circle  given  ;  for  if  20.02812 
be  multiplied  Square-wife,  that  is,  by  itfelf,  it^will 
produce  401.1255907344,  wliich  is  nearly  eqaal  to 
the  Area  found  in  the  lail  Problem. 

You  may  find  the  Side  of  the  Square  equal,  by  ex- 
trafti  ng  the  Square  Root  out  of  the  Area  of  the  given 
Circle, 


401. 
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•         • 


401.15(20.0287295  Side  of  a  Square, 
4 


4002)01.1500 
8004 


40048)349600 
....  320384 

29216 

28034 


1182 
801 


381 
360 

21 
20 


N.  B.  By  this  Method  of  extradling  the  Square 
Root  of  the  Area,  you  may  find  the  Side  of  a  Square 
equal  to  any  plain  Figure,  regular  or  irregular. 

Problem  7.  By  having  the  Circumference,  to  find 
the  Side  of  the  Square  equal. 

If  the  Circumference  of  a  Circle  be  i,  the  Side  of 
4he  Square  equal  will  be  .2821.     Therefore, 

As  I   :  .2821   :  :  71  (the  Circumference) 
71 


2821 
^9747 


io.0291  the  Side  of  the  Square. 

K  3  Prohkfi^ 
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Problem  8.  Having  the  Diameter,  to  find  the  Side 
of  a  Square,  which  may  be  infcribed  in  that  Circle. 
Jfthe  Diameter  of  a  Circle  be  i,  the  Side  of  the 
Square  infcribed  will  be  ,7071.     Therefore, 
As  I   :  .7071    :  :   22.6 
22  6 


42426 
14142 
14142 


To  15.98046  the  Side  EG  infcribed. 
Or,  if  you  fquarethe  Semldiameter  and  double  that 
Square,  the  Square  Root  of  the  doubled  Square  will 
be  the  Side  of  the  Square  infcribed.  For  (by  Euclid, 
1.47),  the  Square  of  the  Hypothenufe  EG  is  equal 
to  the  Sum  of  the  Squares  of  the  other  two  Legs, 
EO  and  OG. 

1 1.3  Semidiameter. 

"•3 


339 
I  ■ 

»i3^ 


JJ3 


J  27.69  the  Square  of  EO,  which  double,  be- 
2  [caufe  EOzi:OG. 


255.38(15  98  Root,    which  is   the   Side  of 
I  [the  Square 


25)155 

125 

309)3038 
2781 

3.188)25703 

25504 

196  Problem 
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Problem  9.   Having  the  Circumference,  to  find  the 
Side  of  a  Square  which  may  be  infcribsd. 

If  the  Circumference  be  i,  the  Side  of  the  Square 
infcribed  will  be  .2251.     Therefore, 

As  I    :   .2251   :  :  71 
71 


2251 

'5757 


15.9821  the  Side  of  the  Sq.  EG. 

Becaufe  that  in  each  of  the  four  lafl:  Problems,  1//2:. 
the  6th,  7th,  8th,  and  9th,  there  is  a  Proportion  laid 
down,  it  will  be  eafy  to  work  them  wich  Scale  and 
Compr.fTes ;  for  if  you  extend  the  CompafTes  from 
the  firfb  to  the  fecond,  that  Extent  will  reach  from 
the  third  to  the  fourth.  As  in  the  lad  Problem, 
where  the  Proportion  is  as  i  to  .225 1 ,  fo  is  71  to  the 
Side  of  the  Square  15.9821.  Here  extend  the  Cora- 
pafies  from  i  to. 2251;  that  Extent  will  reach  from 
71  1015.98;  and  fo  of  the  refl.  But  the  fifih  mu ft 
be  wrought  like  the  fourth,  thus ;  extend  the  Com- 
pares from  I  to  71  ;  that  Extent,  turned  over  the 
fame  Way  from  .07958,  will  fall,  at  lalt,  upon 
40 1 . 1 5 . 

Problem  lo.  Having  the  Area,  to  find  the  Dia- 
meter. 

If  the  Area  of  a  Circle  be  i,  the  Square  of  the 
Diameter  is  1.2732.     Therefore, 


Area 
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Area.   Sq.  Diam.     Area. 
As  I    :   1.2732   :  :  4QI.15 
40 1 . 1 5 

63660 
12732 
12732 
509280 


510.744180(22599  the  Diameter. 

4 


42)1 10 
84^ 

445)2674 
2225 

4509)44941 
40581 


45189)436080 
406701 


29379 
By  Scale  and  Compajfes. 

Extend  the  Compafles from  i  to  1.2732;  that  Ex- 
tent will  reach  from  401.15  to  510  74,  i^c»  Then 
divide  the  Space  between  i  and  510.74  into  two 
equal  Parts,  and  you'll  find  the  middle  Poinf  at 
22.6.  Or  you  may  divide  the  Space  upon  the  Line 
of  Numbers,  between  401.15  and  .7854,  into  two 
equal  Parts,  and  one  of  thofe  Parts  will  reach  from 
1  to  22.6,  the  Diameter  fought. 


Prchhm 
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Problem  1 1 .  Having  the  Area,  tu  find  the  Circum- 
ference. 

If  the  Area  of  a  Circle  be    1,   the  Square  of  the 
Circumference  Will  be  12.56637.      Tnerefore, 


Ar.   Sq.   Cirrumf. 
As  I    :   12.56637   : 
40 . .  1 5 

Area. 
:  401.15 

62^3185 
1256037 

1256637 
502654.1^0 

5040.99932550(70.9999  RopU 
49 


1409)14099 
1 268 1 


14189)141893 

127701 


141989)1419225 
1277901 


1419989)14132450 
12779901 


1352549 
By  Scale  and  Compares, 

Divide  the  Space  between  401.15  and  .07958,  up' 
on  the  Line,  into  two  equal  Parts;  one  of  thofe 
Parts  will  reach  from  i  1071,  the  Circumference 
fought. 

Problem 
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Problem  12.  Having  the  Area,  to  find  the  Sidg  of 
a  Square  infcribed. 

If  the  Area  of  a  Circle  be  i,  the  Area  of  a  Square 
infcribed  within  that  Circle  will  be  .6366.  There- 
fore, 

As  I   :  401.15  :  :  .6366 
.6366 

240690 
240690 
120345 
240690 


'^5S*37209o(*5'9So  Root,  which  is  the  Side 
I  [of  the  Square  fought* 


309)3037 
2781 

3188)25620 
25504 


11690 


The  fame  Reafon  may  be  given  for  the  laft  Pro- 
portion, that  was  given  before  for  the  Proportion  of 
Circles  to  the  Squares  of  their  Diameters  and  Cir- 
cumferences ;  for  not  only  the  Squares  of  the  Dia- 
meters and  Circumferences  are  in  Proportion  to  the 
Circles  they  belong  to,  but  alfo  all  Figures  infcribed 
or  circumfcribed,  have  the  Squares  of  theirlike  Sides 
proportioned  to  the  Squares  they  are  infcribed  in, 
or  circumfcribed  about;  and  alfo  to  the  Figures 
themfelves :  The  Square  of  any  Side  of  one  Figure 

is. 
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is  to  the  Area  of  that  Figure,  as  the  Square  of  the 
like  Side  of  another  fimilar  Figure  is  to  the  Area 
thereof;  as  you  may  find  proved  at  large  in  Euclid, 
Sturmius,  Mafhejisy  Enucleatay  and  other  Authors  ; 
but  will  be  too  large  to  in/ert  in  this  Place, 

By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  i  to  401. 15,  that  Ex- 
tent will  reach  from  .6366  to  255.37  ;  the  half  Space 
between  that  and  i  is  at  15.98,  the  Side  of  the  Square. 

"Problem  13.  Having  tlvJ  Side  of  a  Square,  to  find 
the  Diameter  of  the  circumfcribing  Circle. 

If  the  Side  of  a  Square  be  i,  the  Diameter  of  a 
Circle  that  will  circumfcribe  that  Square,  will  be 
1.4142.     Therefore, 


15.98 


s 

I   :  1.4142 

15.98 

1 13 1 36 

127278 

70710 

14142 

22.598916  the  Diameter  fought. 

By  Scale  and  CompaJfes» 

Extend  the  CompafTes  from  i  to  1.4142,  and  that 
Extent  will  reach  from  15.98  to  22.6,  the  Diameter 
fought. 


Prohkm 
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Problem  14.   Having  the  Side  of  a  Square,  to  find 
the  Diameter  of  a  Circle  equal  to  it. 

If  the  Side  of  a  Square  be  i,  the  Diameter  of  a 
Circle  equal  to  it  will  be  1.128.     Therefore, 
Side       Diam.   Side  of  a  Square. 
As  I    :    1.128  :  :  20  0291 

1.128 


1602328 
400582 
200291 
200291 


22.5928248  Diameter. 

By  Scale  and  Compajfes, 

Extend  the  Compafles  from  i  to  1.128  ;  that  Ex- 
tent  will  reac  \  from  20.0291  (the  Side  of  the  Square 
giver.)  to  22.6.  the  Diameter  of  the  Circle  fought. 

Prohle-m  1 5.  Having  the  Side  of  a  Square,  to  find 
the  Circuii^ferirnce  cf  a  circumfcribing  Circle. 

If  the  Side  of  a  Square  be  i ,  the  Circumference  of 
a  Circle  that  will  cncompafs  that  Square  will  be 
4.443.     Therefore, 

Side  Sq.   Circum.  Side  Sq. 
As  i   :  4.-4 13   :  :    15-98 
15-98 

35S4+ 
39987 
22215 

4443 


70.99914  rhe  Circumference. 
By  Scale  and  ComfaJ'es* 

Extend  I  he  Com^airest'i  >tt.  •  to  4.4M,  f^st  Extent 
will  reach  from  15.^8  u-  71,  the  CircUiiiferenir. 

6  Problem 
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Prchiem  i6.  Having  the  Side  of  a  Square,  to  find 
the  Circumference  of  a  Circle  that  will  be  equal 
to  it. 

If  the  Side  of  a  Square  be  i,  the  Circumferenc; 
of  a  Circle  that  will  be  equal  to  it  is  3-545  •    Then, 

As  I   ;  3.545   :  :  20  0291 

3-545 


1001455 
801 164 

1 00 1 45 5 
600873 


71.00315.95  the  Circumference. 
By  Scale  and  Compajfes, 

Extend  the  CompalTes  from  i  to  3-545,  that  Ex- 
tent will  reach  from  20.0291  to  71,  the  Circumfe- 
rence fought. 

In  feveral  of  the  foregoing  Problems,  where  the 
Diameter  and  Circumference  are  required,  the  An- 
fwers  are  not  exaftly  the  fame  as  the  Diameter  and 
Circumference  of  the  given  Circle,  but  are  fome- 
times  too  much,  and  fometimes  too  little,  as  in  the 
two  laft  Problems,  where  the  Anfwers  in  each  fhould 
be  71,  the  one  being  too  much,  and  the  other  too 
little.  The  Realon  of  this  is,  the  fmall  Defeifl  that 
happens  to  be  in  the  Decimal  Fraflions,  they  being 
fometimes  too  great,  and  fomctim."-  too  little  ;  yet 
the  Defed  is  fo  fmali,  that  it  is  needlefs  to  calculate 
them  to  more  Exadnefs. 


^x. 
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§  X.    Of  a  Semicircle. 

''  I  ''  O  find  the  Area  of  a  Semicircle,  this  is 

The    RULE. 

Multiply  the  fourth  Part  of  the  Circumference  of 
the  wKole  Circle  (that  is,  half  the  Arch  Line)  by  the 
Semidiameter,  the  Produ6l  is  the  Area. 


Let  ABC  be  a  Semi- 
circle, vvhofe  Diame- 
ter is  22.65  and  the  half 
Circumference, or  Arch 
Line,  ABC,  is  35-5, 
rythe  Half  of  it  i?  17.75, 
whicli  multiply  by  the 
Semidiameter  11 -3,  and  the  Produfl  is  200.575,  the 
Area  of  the  Semicircle. 

1775   the  half  Arch  Line, 
11.3   the  Semidiameter. 


200  575  the  Area  of  the  Semicircle. 
By  Scale  and  Compajfes. 

Extend  the  Compares  from  i  to  11.3;  that  Ex- 
tent vviii  reach  from  17.75  '°  200.575,  the  Area. 

J f  only  the  Diameter  of  the  Semicircle  be  given, 
you  may  fay,  by  the  Rule  of  Three, 

As  I  is  to  .3927,  fois  the  cr^uare  of  the  Diameter 
to  the  Area. 


Sj 
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By  Scale  and  Compajfes, 

Extend  the  Compafles  from  i  to  the  Diameter 
22.6;  that  Extent  turned  twite  from  .3927,  will 
reach,  at  the  lall,  to  200.575. 
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§    XI.      Of  a    QjJ  A  D  R  A  N  T. 

O  find  the  Area  of  a  Quadrant,  or  fourth  Parr, 
of  a  Circle,  this  is 

97-^    R  U  L  E. 


Multiply  half  the  Arch  Line  of  the  Quadrant  (that 
is,  the  eigluh  Part  of  the  v_ircumference  of  the  whole 
Circle),  by  tne  Semidiameter,  and  the  Produd  is  the 
Area  of  the  Quadrant, 


C 


Let  ABC  be  a  Qundrant,  or 
fourth  Part  eF  a  Circle,  whofe 
Radius,  or  Spmidiameter,is  1 1.5, 
and  the  half  Arch  Line  8.875  * 
thefe  multiplied  together,  the 
Produil    is     100.2875     for    the 

Thefe  are  the  Rules  and  Ways  commonly  given  for 
finding  the  Area  of  a  Semicircle  and  Quadrant ;  bur, 
1  think,  it  is  as  good  a  Way,  to  find  tiie  Area  cf  the 
whole  Circle,  and  then  take  half  that  Aiea  for  the 
Semicircle,  and  a  fourth  Part  for  the  Quadrant. 

Before  I  piocced  to  fliew  how  to  find  the  Area  of  the 
Senior,  and  Segment  of  a  Circle,  I  Ihall  fhew  how  to 
f.nd  the  Length  of  the  Arch  Line,  feveral  Ways. 

L  2  To 
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^0  find  the  Length  of  the  Arch  Line. 

Muldply,  continually,  the  Radius,  the  Number 
cf  Degrees  in  the  given  Arch,  and  the  Number 
*  .0174^329  ;  the  Produd  will  be  the  Length  of  di^ 
Arch-line  ACB. 

Another  Way. 

Multiply  the  Chord  of  half  the  Segtnent  AC  of  CS 
by  8,  and  from  the  Produa  fubtraft  the  Chord  of  the 
whole  Segment  AB,  and  divide  the  Remaindei*  by  3  ^ 
the  Quotient  i*  tht  Arch  Line  ACB  fought,  figarl)'» 


19  8 
8 

AC 

158.4 
344 

AB 

5)124 

Arch  Line  41.333 


*  When  the  Radius  is  i  the  Semi-circumferenQe  of  the  Cir- 
cle is  ^.14.159265,  &c.  and  this  Number  divided  by  i8o,  the 
Degrees  in  a  Semicircle,  gives  .01745329  for  the  Length  of  one 
Degree  when  the  Radius  is  Unity. 

Another 
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Another  IVay, 

From  the  double  Chord  of  half  the  vSegment's 
Arch,  fubtraft  the  Chord  of  the  Segment,  one  third 
Part  of  the  Difference  ndded  to  the  double  Chord  of 
half  the  Segment's  Arch,  the  Sum- is  the  Arch  Line 
of  the  whole  S.gment. 

Thus,  if  AC  ic;.8  be  doubled,  it  makes  39.6;  from 
which,  if  you  fubtrad  34.4,  the  Remainder  is  5.2, 
whjch,  divided  b^v'  3,  the  Quotient  is  1.733  ;  this 
added  to  39.6  (ihe  double  Chord  of  the  half  Seg- 
ment), the  Sum  is  41.333.  So  if  tTic  Arch  Line 
ACB  was  flretched  out  itrait,  it  would  then  contain 
41.333  fuch  Parts  as  the  Chord  AB  contains  3 4.4 of 
the  like  Parts.  ^ 

The  two  'aft  Rules  may  eafily  be  proved  out  of 
the  Table  of  natural  Sines;  thus, 

Suppofe  (in  the  former  Figure)  the  Arch  ACB  to 
contain  1  20  Degrees  ;  the  na  ural  Sine  of  half,  •viz., 
of  60  Degrees,  ii  86602  ;  which,  being  doubled,  is 
173204,  which  is  the  Chord  of  the  whole  120  De- 
gre^!^,  that  is,  AB.  Then,  to  find  ihe  Chord  of  ihe 
half  Arch,  'vi'x.,  h.Q.  60  Degrees,  the  half  of  it  30 
Degrees,  the  natural  Sine  theieof  is  50C00  ;  which, 
doubled,  makes  100000  for  the  Chord  AC;  then, 
according  to  the  fecond  Rule,  muitiply  locooo  by  8, 
the  Product  is  800COO  ;  from  which  fubtradl  173204 
(the  Chord  h.'^')y  and  the  Remainder  is  626796  ; 
which  divide  by  3,  the  Quotient  is  208932,  which  is 
the  Length  of  the  Arch  Line  ACB,  according  to  the 
fecond  Rule.  Now  let  us  examine  how  near  this 
comes  to  the  true  Quantity  of  the  Arch  propofed. 
It  the  Radius  or  Semidiameter  of  a  Circle  be  looooo 
(as  in  the  Table  of  Sines),  then  the  Circumference 
will  be  620318;  and  becaui'e  120  Degrees  is  the 
third  Part  of  the  Circle,  take  the  third  Part  of 
628318,  which  is  20C439,  which  is  the  true  Quan- 

^    i^  3  "ty 
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tjty  of  the  Arch  ACB  in  fuch  Parts  as  the  Semidia- 
meter  contains  looooo,  and  differs  from  that  before 
found  507,  which  is  a  thing  incon/iderable  in  Prac- 
tical Menfuration.  The  latter  of  the  foregoing  Rules 
agrees  exadlly  with  the  former,  and  therefore  the 
Difference  will  be  the  fame  as  above  ;  either  of  the 
Rules  gives  the  Quantity  of  the  Arch  Line  too  little, 
?nd  the  greater  the  Arch,  the  greater  the  Error, 
But  if  you  know  the  Degrees  that  are  contained  in 
the  Segment's  Arch,  and  would  have  the  Arch  Line 
very  exa(^ly,  it  will  be  beft:  to  ufe  the  iirft  Rule  ;  an 
Example  of  which  follows. 

Suppofe  the  Diameter  of  a  Circle  be  22.6,  and 
the  Arch  to  contain  52  Degrees  15  Minutes  (the  De- 
cimal of  15  Minutes  is  .25) ;  then 


0 

52.25 

II. 3 

15675 

5225 
5225 

590.425 
.01745 

2952125 

- 23617Q0 

4^32975 
590425 

10.30291625 

So  the  52  Degrees  15  Minutes  will  contain  10.30^ 
of  fuch  Parts  as  the  Diameter  contains  22.6,  or  as 
the  Circumference  contains  71. 

Thus  have  I  fhewn   feveral  Ways  of  finding  the 

Meafure  of  the  Curve  Line  of  any  Part  of  a  Circle 

very  near  theTruth.  The  next  Thing  1  fhall  fhew,  is, 

1  H01M 
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How  to  find  the  Diameter  of  a  Circle  by  hav- 
ing the  Chord  and  verfed  Sine  of  the  Seg- 
ment y  Arithmetically, 

Becaufe      the 
Chord   AB   cuts 
theDIameterEC 
at  right  Angles, 
therefore  the  Se- 
mlchord  AD,  or    , 
DB,   is   a   mean    ; 
proporiionalLine  J 
betweentheParts   • 
of  the  Diameter    ', 
CDandDE  (by     ' 
Euclid    6.   13); 
therefore  if  you 
fquare  the  Semi- 
chord    AD,    or 
DB,   and  divide  E 

the  Square  by  the  verfed  Sine  CD,  the  Quotient 
will  be  the  Part  of  the  Diameter  wanting  ;  to  which 
add  the  given  verfed  Sine  CD,  and  the  Sum  is  the 
Diameter  fought. 

Example.  Let  ACB  be  a  Segment  given,  whofe 
Chord  AB  is  36,  and  the  verfed  Sine  CD  6  ;  half 
36  is  18,  which,  fquared,  makes  324;  this  divided 
by  6,  the  Quotient  ;s  54. :  To  which  add  6,  the  Sum 
is  60,  the  Diameter  of  tke  Circle  CE^ 


•*'-*. 


a  3  half 
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1 8  half  the  Chord. 
18 


144 
18 


6)324  the  Square  of  AD. 


54  the  P.Tt  wanting  DE. 
6  the  verled  oine  CD,  add. 


60  the  Diameter  CE. 

§  XII.     Of  the  Se5for  of  a  Circle. 

ASeflor  of  a  Circle  is  comprehended  under  two 
Radii,  or  Semidiameters,  uhich  are  fuppofed 
not  to  make  one  Right  Line,  and  a  Part  of  the  Cir- 
cumference :  "Whence  a  Senior  may  be  either  lefs  or 
greater  than  a  Semicircle.  To  iind  the  Area  or  fu- 
perficial  Content  thereof,  this  is 

rhe     RULE. 

Multiply  half  the  Arch  Line  by  the  Semidiame- 
ter,  and  the  Product  is  the  Area. 

Let  ADBC  be  the  Senior  of  a  Circle  given,  whofe 
Semidiameter  AD  or  BD  is  24.5,  and  the  Arch  Line 
ACB  (by  the  Second  Rule,  Pag.  112)  1  find  to  be 
45.6  ;  tiic  half  thereof,  228,  being  multiplied  by 
24.5  (the  Semidiameter)  the  Product  is  558  6j  which 
is  the  Area  of  the  Sedor  ACBD. 


zz 
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176 
39<a  Subtrsihi 


45. 6  Arch  Line« 
777  Half. 

1140 


5^8.60  the  Area* 

>^gain  :  Let  LMNO  be  a  Sedor  greater  than  « 
Semicircle,  whofe  Semidiameter  I,0  or  NO  is  20.6, 
and  by  the  Rule,  Pag.  1 12,  half  the  Arch,  or  M  r  N, 
is  found  to  be  42.333  ;  which,  multiplied  by  20.6, 
the  Semidiameter,  makes  872.0598  for  the  Area  of 
the  Sector  LMNO.     See  the  following  Work. 


20.3 
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M 


20.3  Chord  Nf. 
8 

162.4 

35.4  Chord  MN. 


3)127.0 


42. 3J 
20.6 

253(;j98 
846660 

872.0598  Area. 


42.333  Arch  Line,  M  ^  N. 


§  XIII.    Of  the  Segment  of  a  Circle. 

A  Segment  of  a  Circle  is  a  Part  terminated  by  a 
Right  Lins  Jefs  than    the  Diameter,  called  a 
Chord,  and  by  a  Part  of  tlie  Circumference. 

To  find  the  Area  of  the  Segment  of  a  Circle,  you 
mufl,  firit,  find  the  Center  of  the  whole  Circle,  and 
draw  the  two  Semidiameters,  thereby  completing  the 
Se*^or,  as  in  the  following  Figure.  I'hen  (by  the 
lall  Sedion),  find  the  Area  of  the  whole  Sedor 
CADBC,  and  then  (by  Sedl.  5.)  find  the  Area  of 
the  Triangle  ABC,  and  fubtrad  the  A'-ea  of  ihe 
Triangle  out  of  the  Area  of  the  Seilor,  the  Remain- 
der is  the  Area  of  the  Segment. 

Other- 


X 
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Otheru'ife  you 
may,  witliout  de- 
fcribing  the  Fi- 
gure, find  the  Se- 
midiameter  of  ths 
Circle  bythe  Rule 
{Pag.  115.)  r.nd 
by  the  Rule  {Pag. 

I!  2.)      find     the  ^ 

Arch  Line  ;   then  ^ 

mulciplv  half  -he  Arch  Line  by  the  Semidiameter  ; 
{o  have  you  the  Area  of  che  Sedor  :  Then  fvibtrad 
the  verTed  Sine  from  the  Sfniidiarneter,  the  Remain- 
der is  the  Perpendicular  of  the  l>iang!e  ;  and  mul- 
tip;y  the  ]K:if  Chord  by  the  Perp':ndicular,  th.e  Pro- 
duct !s  the  Area  of  fhe  Triangle  .  T  hen  fubt  adl  the 
Area  of  the  Triangle  from  the  Area  of  the  Sedor, 
and  the  Remainder  is  the  Area  of  the  Segmen:.  See 
the  Work. 

2)35  =  AD 


17-5 
17-5 


«75 
1225 

J75 


9.6)306.25(31.9 
■.  9.6  add. 

,82      

865      41.5   the  Diameter  of  the  Circle, 

1  20.75   the  Semidiameter. 

9.6     DE  Subtrad. 

II.  15  remains  the  Perpendicular  EC. 


lUI 
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1 1. 15   the  Perpendicular  EC. 
17.5  half  the  Chord  AE  or  EB» 


5575 
7b05 

1115 


195.125  the  Area  of  the  Triangle. 

306.25  the  Square  of  AE. 
92.16  the  Square  of  DE  the  verfed  Sine. 

398.41   Sum. 
The  Square  Root  of  which  is  19.96,  the  Chord  AD. 


8 


15968 
Sub.  35      the  Chord  AB. 

3)i24..68 


2)41.56  the  Arch  Line. 

20.78  half. 

20.75  ^emidiameter. 


10190 
14546 
41560 


From         43  1. 1 850  AreaoftheSefti. 
Subtrad    195.125     Area  of  the  Tri. 

Remains    236.06       Areaof  the  Seg. 


Again  : 
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Again  :  r.et  M  ACBM  be  a  Segment  greater  than 
a  Semicircle;  obfc-rve  the  former  ru'es  in  all  re- 
ipe^s,  as  in  the  laH  Example  ;  only,  inflead  of  fub- 
trading  the  Area  of  the  Triingle  out  of  the  Area  of 
the  Seflor,  here  yon  mull  add  them  together,  as  may 
plainly  appear  by  the  following  Fig-nre. 


11.5 

8 


92.0 
20 

3)72 
24KalfArchLin! 

1 1.64  S^mldiam. 
24. 


Ar^- 


4656 


17.17 
1 1.64 

5.53LM, 


2328 

279.36  Area  of  the  Se6lor  LACBL. 

10.25   half  the  Bufe  MA. 
5.53   the  Perpendicular  LM. 


307$ 
5125 

.1 .  ^ 

56.6825  the  Area  of  the  Triangle  ALM. 
279.36       the  Area  of  the  Se6lj>r  add. 

336.0425  the  Area  of  the  Segment  fought. 


U 


f  XIT. 
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§  XIV.     Of  Compound  Figures. 

MIXED  or  compound  Figures  are  fuch  as  are 
corripofed  of  re(^iliReal  and  curvilineal  Figures 
tcgether. 

To  find  the  Area  of  fuch  mixed  Figures,  you  mufl 
find  the  Area  of  the  f^veral  Figures  of  which  the 
whole  compound  Figure  is  compofed,  and  add  all 
the  Areas  together,  and  the  Sum  will  be  the  Area 
cf  the  .whole  compound  Figure. 


,      r  add. 
16     1 

32.2  Sum. 

c 

16.1   half. 

34  Diagonal. 

644 

483 

547.4  Areaofthe 
[Trapezium. 


Half  the  Arch  Line  A  a  B.  19.8047 

Semidiameter  of  the  Arch  AB.        <^^^ 


990235 
1584376 
1782423 


Area  of  the  Se£lor   195.076295 


From 
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From       19.8047  Semidiameter. 

Snbcra6l    2,4  Verfed  Sine. 

17. 4047  Perpend,  of  the  Triangle, 

9.45  Half  the  Chord  AB. 

696188 
1566423 


164.474415   the  Area  of  the  Triangle, 
J 95.076295   the  Area  of  the  Se^^or. 

30.60188     the  Area  of  the  Segment  A  a  B  A. 


12.19  half  th'"  Arch  Lin?  C  c  D, 
20.64  Semidlamcter, 


4876 

73»4 

24380 


251.6016  the  Area  of  the  Sedor, 

From  20.64  the  Stmidianaeter, 

Subtract       3.5     Verfed  Sine. 

Rema,         I7-H  Perpendicular  of  the  Triangle. 
115     half  the  Chord  DC. 


8570 
1714 

1714 


Sub.  197. 1  10  Area  of  the  Triangle. 

From        251.602  Area  of  the  Sedor. 


Rem.  54-492   the  Area  of  the  Sfgment  Cc  DC. 

30.602   the  Areaof  the  S.  gment  A  a  BA. 
547.4       the  Area  of  the  Trapezium. 

Sum         632.494  the  Area  of  the  Whole. 

M  2  5  XV. 


J 24     Merrfuration  of  ouferficks.       Part  If. 
§  XV.     Of  an  E  L  L  I  p  5 1  s. 

N  E:Hpr:55,  or  Oval,  is  a  Figure  bounded  by  a 
regular  Curve  Lme,  reciirning  inti.)  itieif ;  but 
cf  its  two  Diameters,  <:uttir!g  each  other  in  the  Cen- 
ter, one  is  longer  than  the  other,  in  which  it  differs 
from  the  Circle.     To  find  the  Area  of  it,  this  is 

The     R  U  L  E. 

Multiply  the  tranfverfe  Diameter  by  the  Conju- 
gate, and  multiply  that  Product  by  .7S54,  this  lalt 
Frodud  is  the  Area  of  the  Oval. 


D 


6 1.6 
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61.6  the  tranfverfe  Diameter. 
44.  4  the  conjugate  Diameter. 


2464 
2464 
2464 

2735.04  the  Redangle. 
.7854  the  Area  of  Unity. 


1094014 
1367520 
2188032 
191452S 

2148.IC0416  the  Area  of  the  Oval. 

Demonjlratlon.  If  you  circumfcribe  any  Ellipfis 
with  a  Circle,  and  fappofe  an  infinite  Number  of 
Chord  Lines  drawn  therein,  all  parallel  to  the  con- 
jugate Diameter,  as  thefe  in  the  following  Figure; 
then  it  vvili  be. 

As  DA,  the  Diameter  of  the  Circle,  is  to  N  n, 
the  conjugate  Diameter  of  the  Ellipfis  ;  fo  is  B  a  Bj 
any  Chord  in  the  Circle,  to  b  a  b,  its  refpedive  Or- 
dinate in  the  Ellipfis, 

For,  according  to  the  Property  of  the  Circle, 


3 


It  i^ 

Anc 

it  i: 

I,  2 

hen^^v 


Confq. 
That  is 


1  S  X  T  a  =  D  B  a. 

by  the  Property  of  the  Ellipfis, 
n  TC  :   a  NC  :  :  a  S  X    r  a  :  n  b  a, 
a   rC  :  n  NC  :  :  D  Ba  :  D  ba. 
rC  :  NC  :  :  B  a  :  ba. 

2  TC  !  2NC  :  :  2  Ba  :  2ba. 
DA  :Nn:;BaB:bab. 


But  the  Sum  of  an  infinite  Series  of  fuch  ChorcJs 
as  BaB,  doconftitute  the  Area  of  the  Circle.  And 
the  Sum  of  the  like  Series  of  their  rcfpedive  Ordi- 
n^tes,  as  b  a  b,  do  conftitute  the  Areacf  the  Elli^  lis: 

M  3  There- 
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'^j;'  Thsrefore      T  S  : 

N  a  :  :  Circlets  A- 
rea  :  the  Ellipfis  A- 
rca.  But  TS  :  N  n 
::  D   rSiTS  X  Nn; 

^-         \fi -A      whence      it     ibllows, 

>  that, 

D  T  S  :.  Circle's 
Area  :  :  T  S  x  N  n  : 
liilipfis  Area. 


Coiifequently,  as  i  is  to  .7S54,  To  is  the  Ret^angle, 
€r  Prod  ad,  of  the  tranfverie  and  conjugate  Diame- 
'    ter  of  any  E;lipiis  to  its  Area. 

Hence  it  is  eafy  to  conceive,  that  the  Square  Root 
©f  the  Product  of  the  tranfverfe  and  conjugate  Dia- 
iTieters,  will  be  the  Diameter  of  a  Circle  equal  to 
the  Ellipfis. 

Hence  alfo  the  Segments  of  an  EIIipi:s,  and  its  cir- 
cumlcribing  Circle  (whofe  Bafes  are  parallel  to  the 
conjugate  Diamet(?r,  and  cf  the  fame  Height),  are 
an  Piooortion  one  to  another  as  their  Bafes  are, 
Thn  is, 

B  a  B  :  b  a  b  :  :  Area  Seement  BIB  :  Area  Seg-- 

to 

snent  b  T  b. 

Oi-,  TS  .  N  n  :  :  Area  Segment  ETB  :  Area  Ssg- 
jDent  b  T  b 

The  Area  of  every  Ellip/is  is  a  meai;i  Proportional 
between  the  Areaofiiscircumfcribing  and  iafcxibed 
Circles  0 


The 
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The  Truth  oF  this 

may  eafily  be  deduced 
from  the  lail;  for  'tis 
already  proved,  that 
a  TS  :  TS  X  Nn  :: 
circumfcribing  Cir- 
cle's Area  :  Ellipiis 
Area. 

But  n  TS  :  TS 
X  Nn  :  :  TS  X  Nn  : 
Q  Nn.  Therefore 
Eiiipfis  Area:  infcrib- 
eJ  Circle's  Area  :  TS 
X  Nn  :   n  Nn. 

Example.     Let  TSrzj^,  and  Nn  — 18.4. 
Then  D  TS=:i296,  and  Q  Nn  =  338.56. 
Then  1  2;6  X  .7854— 101 7. 87 84  great  Circle's  Area; 
And  338.56  X  .7854  —  265.905,  ilSc.  IcITer  Circle's 

Area ; 
And  36  X, 18. 4  =  662  4  X  .7854=520.24896,  which 

is  the  Area  of  the  Ellipkis;  then  it  will  be, 
1017.878   :   520.24896   :  :  520.24896; 
265.905024. 

That  is.  As  the  ereater  Circle's  Area  is  to  the  Area 
of  the  Ellipfis,  {q  is  the  Area  of  the  Kiiipfis  to  the 
Area  of  the  leffcr  Cir^^le. 

From  hence  it  follows,  that  all  Segments   of  an 
Ellipfis,  and   its   infcribed    Circles  (vvhofe  Bafes  are 
parallel  to   the   iranfverfe  Diaaieter,    and  have  the 
fame  Height)    are  in  Proportion   one   to  another  as- 
the  Area  of  the  Ellipfis  and  Circle  are. 

That  is,  as  the  Area  of  the  Circle  is  to  the  Area 
of  the  Ellip.Gs,  fo  is  the  Segment  b  N  b  :  to  the  Seg- 
ment BNB  ; 

Or,  Nn  :  TS  ;  ;  Area  Segment  b  N  b  ;  Area  Sfg-= 
xneut  iiNB. 


§  XVL 
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§  XVI.    Of  a  Parabola. 

A  Parabola  is  a  curvillneal  Figure,  made  by  the 
Sedion  of  a  Cone,  being  cut  by  a  Plane  paral- 
lel to  one  of  its  Sides. 

Every  Parabola  is  Two-thirds  of  its  circumfcribing 
Parallelogram  j  therefore  to  find  the  Area,  this  is 

The    R  U  L  E. 

Multiply  the  Bafe,  or  greateft  Ordinate,  by  the 
perpendicular  Height,  and  multiply  that  Produd  by 
2,  and  divide  the  laft  Produft  by  3,  the  Quotient 
will  be  the  Area  of  the  Parabola. 


^    J'     J^     J"      lA 


33-75 
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53.75   the  Ordinate  GH. 
39.25  the  Perpendicular  EF, 

2687; 
10750 

48375 
16125 

2109.6875 


3)4219.3750 

1406,4583  the  Area* 

Demonjlration.  Let  FH,  the  Semi-ordlnate,  be  di- 
vided into  four  equal  Parts,  or  into  ?).\6,  iufc.  and 
through  the  Divilions  draw  Lines,  as  e  f ,  e  f,  Uc, 
parallel  to  the  Axis  EF.     Suppofe  alfo  EF  to  be  4. 

Then,  I  fny,  the  Parabolic  Space  Eh  HF  is  to  the 
Parallelogram  EKFH  as  2  to  3  ;  but  to  the  Triangle 
EFH  as  4  to  3. 

For,  fiirft,  g  f,  gf,g^,  '^c.  are  in  continual  arith- 
inetical  Proportion  from  the  Nature  of  plain  Tri- 
angles. 

becondly,  f e  :  ge  :  :  ge  :  he  ;  but  he,  in  the  Axis 
EF,=i:o;  and  in  the  firll  Parallel  ef  mull  be  equal  to 
i,  in  the  next  e  f  mull  be  equal  to  -^,  in  the  third  to 
^,  and  fo  on,  in  a  duplicate  arithmetical  PrcgreiTion. 

For  ef  (=4)  :  ge  {  —  ))  :  :  ge  (—1)  :eh  {  —  D' 
And  the  fecond  ef  (=4)  :  eg  (  =  2)  :  :  eg  (zz2)  :  e  h. 
(=^),  ^c.  And  thus  it  will  be,  if  the  Lines  F  f,  ff, 
iS'c.  be  again  bifefted,  Uc.  ad  infnltum^  fo  that  all 
the  Indivifibles  of  the  trilinear  Space  EKHhE  will 
be  in  a  duplicate  arithmetical  Progreilion  increafmg. 
But  the  Sura  of  a  Rank  of  fuch  'i'erms  is  fubtripls 
to  a  Rank  of  as  many  equal  to  the  greateft  (by 
Lemma  3)  ;  wherefore  the  vvhole  trilinear  Space  EK 
fi  h  E  is  to  the  Parallelogram  as  i  to  3  ;  and,  con- 
fequently,  the  remaining  parabolic  Space  mull  be  to 
it  as  2  to  3  ;  which  was  to  be  proved. 

And 
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And  fince  the  Triangle  FEH  is  to  the  Parallelo- 
gram as  I  to  2,  it  muftbe  to  the  Parabola  as  j|;  to  2, 
©r  as  3  10  4  j  which  was  to  be  proved. 

Before  I  proceed  to  the  MenAiration  of  folid  Bodies, 
I  will  lay  down  fuch  Lemmas  as  will  be  ncceiTary  to 
facilitate  the  Deaionftration  of  all  fuch  Solids. 

LEMMA     I. 

In  any  Series  ofequal  Numbers  (reprefenting  Lines 
or  other  Quantifies,  as  1,  i,  1,  1,  b^r.  or  2,  2,  2, 
2,  ^c.  or  3,  3,  3,  3,  ^c.  if  one  of  the  Tprms  be 
multiplied  into  the  Number  of  Terms,  the  Product 
will  be  the  Sum  of  all  the  Terms  in  the  Series. 

L  E  M  M  A     n. 

If  a  Series  of  Numbers,  in  arithmetical  Progrefiion, 
begin  with  a  Cypher,  and  the  common  Difference  be 
I,  as  o,  I,  2,  3,  l^c.  (reprefenting  a  Series  of  Lines 
or  Roots  beginning  with  a  Point)  if  the  iaft  Terra 
be  multiplied  into  the  Number  of  Terms,  the  Pro- 
duct will  be  double  the  Sum  of  all  the  Series. 

That  is,  putting  Lzr  the  Iaft  Term,  N=:  the  Num- 
ber of  Term?,  and  Sn  the  Sum  of  all  the  Series  ; 
then  will  NL  — 2  S  ;  confequently,  \  NL  — S  ;  viz. 
One  half  of  fo  many  times  the  greateil  Term  as  there 
are  Terms  in  the  Series, 

r  o-f  I -f  2-1-3-f  4~io  the  Sum=|-NL. 

I  hus    <  — ; ; ; 77, 

\  4-f4-^4+4-^4  =  20=:NL. 

LEMMA     TIL 

If  a  Series  of  Squares,  whofe  Sides  or  Roots  are  In 
arithmetical  Progrellion,  beginning  with  a  Cypher, 
l^c.  be  infinitely  continued,  the  Iaft  Term  being 
multiplied  into  the  Number  of  Terms,  will  be  triple 

ta 
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to  the  Sum  of  all  the  Series  ;  i/Zx.  NLL^rjS ;  or  -j 
NLL=:S. 

That  i^,  the  Sum  of  fuch  a  Series  will  be  One- 
third  of  the  I  ift  or  greatell  Term,  fo  many  limes 
repeated  as  there  are  Terms  in  the  Series. 


InUances  in  fquare  Numbers. 

4  +  4  +  +---=  +  - 

o+i+  +  +9_i+_  7  _i  1  _i^ 

-  — -Jo — T  b  — '3  ~  I  a* 


{ 
{ 

L  16+  11 


9+9+9+9 

+  4  +  9   +"^  —  ^  o  ~  1  —  _9    —  I     I      r 

-— 7— — --- — >  —  so  —  a  —  2.4  —  1  "T  z^* 

b-|-i6-f  i6+i6  (^^^ 

From  thefe  Inftances  it  is  evident,  that  as  the 
Number  of  Terms  in  the  Series  do  increafe,  the  Frac- 
tion OF  Excefs  above  j  does  decreafe,  the  faid  Excefs 

always  being  pr;;^ — -  ;  which,  if  we  fuppofe  the  Series 

to  be  infinitely  continued,  will  quite  vanifh,  and 
become  nothino:  at  all. 


'to 


LEMMA     IV. 

If  a  Series  of  Cubes,  whofe  Roots  are  in  arithme- 
tical Progrefiion,  beginning  with  a  Cypher,  ^c,  (as 
above)  be  infinitely  continued,  the  Sum  of  all  the 
Series  will  be  4-  NLLL  =  S. 

That  is.  One-fourth  of  the  laft  Term  fo  many 
times  repeated  as  there  are  Terms  in  the  Series. 


Inflanccs 
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Inftances  in  Cube  Numbers. 
If  o,  I,  2,  3,  4,  5,  ^c.  be  the  Roots  of  the  Cubes, 

127-f  27+27+.;- ^^^^-'^^-^■^'^  ^* 
r  o-f-  1+  8+27+64 

I  (^4+ 64.+ 64  + 64  +  64""*"^'^*" ~~ 2 ^ ~  '  6  — 4. -r  i  ^. 
3    (    c   +    I    +    3   +    27+   64+!2^_,,,_,, 
1125+125  +  125  +  125  +  125+125-^^'""*^'^'' 

/ —  6    —l*      » 

\,  —  2.5  —  ^lao"' 


From  thefe  Examples  it  plainly  appears,  that  as 
the  Number  of  Terms  in  the  Series  increafcs,  the 
Fraftion  or  Excefs  above  |  decreafes,   the    Exccfs 

being  always — -: —   ;  which,  if  we  fuppofe  the  Se- 

ries  to  be  infinitely  continued,  will  become  infinitely 
fma]l,  or  nothing, 

L  E  M  M  A     V. 

If  a  Series  of  Biqaadrates,  whofe  Roots  are  in  arith- 
metical Progreliion,  beginning  with  a  Cypher,  Ifc, 
as  before,  be  infinitely  continued,  the  Sum  of  all 
the  Terms  in  fuch  a  Series  will  be  -|  NLLLL. 

The  Truth  of  this  may  be  manifefted  by  the  like 
Procefs  as  in  the  foregoing  Lemmas,  and  fo  on  for 
higher  Powers. 

LEMMA     VI. 

The  Sum  of  an  infinite  Progreflion,  whofe  greatell 
Term  is  a  fquare  Number,  the  other  decreafmg  by 
odd  Numbers,  ^jiz,.  1,  3,  4,  l5c-  is  in  fubfefquialte- 
ran  Proportion  of  the  Sum  of  the  like  Number  pf 
equal  Terms,  that  is,  a5  2  to  3. 

4-  Inilances 
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Inllanccs  in  fuch  Progrefljons. 

— 1.7.  —  1  1    4. 

—  i  7  — "3  'i'zl* 


9  +  M-=;_,,_,  .  ^ 


{ 

I16  + 

{ 


9  +  9  +  9 

16+15  +  12+   7_,o_..  .  ,, 
i6+i6+iO""'^*"~^"*"^"^* 

2,-  +  24+21  +  l6+    9_  5,  _a   ,     7 


T  7 


25  +  25    +25+25  +  25 

f  36  + 35  +  32  +  27 +  20+ 1 1_, 6, _._ 
^    U^  +  S^  +  S^  +  J^  +  S^  +  S^"^"^''""^""'"'^' 

From  thefe  Examples  it  plainly  appear?,  that  a? 
the  Number  of  Terms  in  the  Series  increafes,  the 
Fraflion  or  Excels  above  ^  decreafes ;  and  if  we  fup- 
pofe  the  Series  to  be  infinitely  continued,  that  Excefs 
will  quite  vanifh,  and  the  Sum  of  the  infinite  Series 
will  be  *  of  (q  many  et^ual  to  the  .greatelt. 


>J  C  H  A  K 
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C  H  A  P.     II. 

^he  Menjuratlon  cf  S ol ids. 

SOLID   Bodies  are   fuch   as  confift  of  Length, 
Breadth,    and   Thicknefs ;    as  Stone,   Timber, 
Globes,  Bullets,  ^c. 

.eeo30oooi)oo3eoooc«9oeoc3o«pooocoeoosooo9coooo90300oaooe<Feoooo9o«ooaoooooocoeooo<i9co9 


•     §  I.    Of  a  C  u  BE. 

A  CUBE  is  a  fquare  Solid,  Gomprehended  under 
fix  geometrical  Squares,  being  in  the  -Form  of 
a. Dye.     'lo  find  the  Solid  Content,  this  is 

The    RULE. 

IVluItiply  the  Side  of  the  Cube  Into  itfelf,  and  that 
Produdt  again  by  the  Side;  the  lail  Produdlwill  be 
the  Solidity,  or  folid  Content  of  the  Cube. 


«7-J 
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'7-5 
17.5 

875 
1225 

306.25 
17-5 

2! 4375  • 
30625 


B 


F 


17*  o 


c 


^  fei'i 


Cn 


>'t '  !l .« 


A 


17-5 


.   y 


5,359.375  the  folld  Content  of  the  Cube. 

Suppofe  AECDEFG  a  cubical  Piece  of  Stone  or 
Wood,  each  Side  being  17  Inches  and  an  half;  mul- 
tiply 17.5  by  17.5,  and  the  Produdlis  306.25  ;  which 
being  multiplied  by  17.5,  the  laftProduflis  5359'375> 
which  is  53^9  folid  Inches  and  375  Parts.  To  re- 
duce the  folid  Inches  to  Feet,  divide  by  1728  (he- 
caufe  fo  m.my  cubical  Inches  is  a  Foot),  and  the 
foiid  Feet  in  the  Cube  will  be  3,  and  175  cubical 
Inches  remain. 

By  Scale  and  CompaJJ'es, 

Extend  the  Compp.fTes  from  i  to  17.5  ;  that  Extent 
turned  over  tvvi.e  from  17.5  will  reach  to  5359,  the 
folid  Content  in  Inches.  Then  extend  the  Coi^- 
pafTes  from  1728  to  i  ;  that  Extent,  turned  the  fame 
Way  from  5359,  will  reach  to  3.1  Feet. 


N 


D 
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^JC       Denionjlro.tion.  If  the  Square  ABCD 
be  conceived  to  be  moved  down  the 
Plane  ADEF,  always  remaining  pa- 
rallel  to  itfelf,  there  will  be  generated, 
7~jy       by  fuch  a  Morion,  a  folid,  having  fix 
jl^  -c"        Planes,  the  two  oppofite  ones  of  vvJiich 

will  be  equal  and  parallel  to  each 
ether;  whence  it  is  called  a  Parallelopipedon,  or 
iquare  Piifm.  And  if  the  Plane  ADEF  be  a  Square 
equal  to  the  penetrating  Plane  ABCD,  then  will  the 
generated  Solid  be  a  Cube.  From  hence  fuch  Solids 
Hiay  be  conceived  to  be  confiituted  of  an  infinite 
Series  of  equal  Squires,  each  equal  to  the  Square 
ABCD;  and  AE  or  BF  will  be  the  Number  of 
Terms.  Therefore,  if  the  Area  of  ABCD  be  mul- 
tiplied into  the  Number  of  Terms  AE,  the  Produ^ 
is  the  Sum  of  all  the  Series,  (/fr  Lemma  I.)  and, 
ccnfequeatly,  the  Solidity  of  the  Parallelopipedon 
or  Cube.  Or,  if  the  Bafe  ABCD,  being  divided 
into  little  fquare  Areas,  be  multiplied  into  the 
Height  AE,  divided  by  a  like  Meafure  for  Length, 
after  this  Way  you  may  conceive  as  many  little 
Cubes  to  be  generated  in  the  whole  Solid,  as  is  the 
Number  of  the  little  Areas  of  the  Bafe  multiplied 
by  the  Number  of  Divifions  the  Side  AE  contain?. 
Thus,  if  the  Side  of  the  Bafe  AB  be  3,  that  multi- 
plied intoiifelf  is  9,  which  is  the  Area  of  the  fquare 
Bafe  ABCD;  then,  if  AE  be  likewife  3,  muUiply 
9  by  3,  and  the  Produit  is  27  ;  and  fo  many  httie 
Cubes  will  this  Solid  be  cut  into,  if  you  conceive  it 
to  he  cut  as  the  Lines  dired. 

Froip  this  Demonftration  it  is  very  plain,  that,  if 
you  multiply  the  Area  of  the  Bafe  of  any  Parallelo- 
pipedon into  ito  Length  or  Height,  that  Produd  will 
be  the  folid  Conierit  of  fucK  a  Solid, 


§11. 
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§11.    Of  a  Parallelopipedon. 

LET  ABCDEFG  be  a  Parallelopipedon,  or 
Square  Prifm,  reprefenting  a  iquare  Piece  of 
Timber  or  Stone,  each  Side  of  its  fquare  Bafe  ABCD 
being  2  r  Inches,  and  its  Length  AE  15  F«e4:. 


Firfl,  then,  multiply  21  by  21,  the  Produ(5l  Is 
441,  the  Area  of  the  Bafe  in  Inches;  which  multi- 
plied by  I  80,  ihe  Length  in  inches,  and  the  Product 
is  793S0,  the  folid  Content  in  Inches.  Divide  the 
lall  Produft  by  1728,  and  the  QjJotient  is  45.9-,  that 
is,  45  folid  Feet  and  9  Tenths  of  a  Foot.  Or  thus : 
Multiply  441  by  15  Feet,  and  the  Produdl  is  66/5  ; 
divide  this  by,  144,  and  the  Quotient  is  45.9,  the 
fame  as  before. 

Or  thus,  by  multiplying  Feet  and  Inches. 

Multiply  I  Foot  9  Inches  by  i  Foot  9  Inehe?,  zvA 
the  Produ(il  is  3  Feet  o  Inches  9  Parts  ;  this  multi- 
plied again  by  15  Feet,  gives  45  Fe^t  ii  Inches  5 
Parts,  that  is,   45    Feet  and  -J-^-  of  a  Foot  and  J  of 


See  the  Work  of  all  thefe. 
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21                          441  F.  I. 

21               15  I — 9 

^                              1—9 

21             2205:  ■ 

42              441  1—9 

°  ""  ■              «    '  1— — 2— 9 

441  144)6615(45.9         . 

180         «— —  2 — 0 — 9 

15 


35280 


441  . 4^-»o~o 

-."  54           7 — 6 

3^728)79380(45.9  3—9 

6912  » 


10260 
8640 

16200 

J5552 


r? 


64S 

j^  iSr^/^  and  Coinpaffes^ 

Extend, the  Compares  from  12  to  21,  and  that 
Extent  will  reach  to  near  46  Feet,  being  twice 
turned  over  from  15  Feet ;.  fo  the  folid  Content  is 
aim  oft:  46  Feet. 

If  the  Bafe  of  the  ft]uared  Solid  be  not  an  exaft, 
Square,  but  in  Form  of  a  reftangle  Parallelogram, 
the  Way  of  meafuring  it  is  much  the  fame  ;  for, 
-firll,  yoii  muil  find  the  Area  of  the  Eafe  by  multi* 
plying  the  Breadth  by  the  Depth;  and  then  multi- 
ply that  Area  by  the  Length  of  the  Piece,  as  bcforeo. 


If 
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If  a  Piece  of  Timber  be  25  fnches  broad,  9  Inches 
deep,  and  25  Feet  long,  how  many  folid  I'eet  are 
contained  therein  r 


25 

F.  I. 

9 

2 — I 

^   ^    rm 

0—9 

Z  2   V 

25 

I — 6—9 

1      f    ^    ■* 

25 

112;, 

450 

25 — 0 — 0 

I  'r       ^_  — n 

144)567-5(39 

1  — 0 — 6 

432 

0 — 6—3 

1305 
1296 

39—0—9 

9 

Anfwer  39  Feet 

By  Scale  and  Compajfes, 

Firfl,  find  a  mean  geometrical  Proportion  between 
the  Breadth  and  the  Depth  ;  which  to  do  upon  the 
Line  of  Numbers,  you  mull  divide  the  Space  upon 
the  L.ine,.  between  the  Breadth  and  Depth,  into  two 
equal  Parts ;  tliat  middle  Point  will  be  the  mean 
Proportional  fought:  Thus  the  middle  Point  be- 
tween 25  and  9  is  at  15  ;  fo  is  15  a  mean  Propor- 
tional between  9  and  25,  for  9  :  i  5  :  :  15  :  25  ;  (o 
a  Piece  of  Timber  of  15  Inches  fquare  is  equal  to  a 
Piece  25  Inches  broad  and  9  Inches  deep.  So  then, 
if  you  extend  the  Compaffes  from  12  to  15,  that 
Extent,  turned  twice  over  from  25  Feet,  the  Length, 
will  reach  to  39  Feet,  the  Content. 


t  III. 
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§  III.     Of  a  'Triangular  Prism.- 

APrifra  is  a  folid  ccntained  under  feveral  Planes, 
and  having  its  B  les  I  ke,  equal,  and  parallel. 
The  folid  Content  of  a  Piifm  (whether  trianguiar  or 
multangular)  is  found  by  ir!ult;plyir:-g  the  Area  of 
the  Bafeinto  the  Lengihof  Height,  and  the  Produdl 
is  the  folid  Content. 

Let  ABCDEF  be  a  triangular 
ij  Prifm,  each  Side  of  the  Bale  be- 
ing  15.6  inches,  the  Perpendi- 
cnh\r  Ca  13-51  Inches,  and  the 
Length  of  ihe  Solid  19  5  Feet. 
Multiply  the  Perpendicular  of 
the  Triangle  13.51  by  half  the 
Side  7.8,  and  the  ProdiKfl  is 
105.378,  the  Area  of  the  Bafe  ; 
which  muiriply  by  the  Length 
i9.5,andthcProdudtis2054.87i5 
which  divide  by  144,  and  the 
Quotient  is  14.27  Feet/^/-^,  the 
folid  Content. 


13.51 

7-B 

144) 

2054.87(14.27 
144-  .. 

10808 
9457 

614 

576 

105.378 
J9-5 

388 
288 

526890 
948402 

ios37« 

1007 
1C08 

2054.8710 


By 
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By  Scale  and  Compajfcs, 

FIrfl,  find  a  mean  Proportional  between  the  Per- 
pendicular and  Half  lide  (as  before  taught),  by  di- 
viding the  Space  upon  the  Line,  between  13.51  and 
7.8  into  two  equal  Parts  ;  fo  (liall  you  find  the  mid- 
die  Point  between  them  to  beat  10.26,  which  is  the 
mean  Proportional  fought :  By  this  means  the  trian- 
gular Solid  is  brought  to  a  fquare  one,  each  Side 
being  10.26  Inches.  Then  extend  the  CompafTes 
from  12  to  10.26  ;  that  Extent,  turned  twice  down- 
wards from  19.5  Feet,  the  Length,  will  at  lail  fall 
upon  14. 27>  which  is  14.  Feet  and  a  little  above  a 
Quarter. 

Let  ABCDEFGHIK  reprefent  a  Prifm,  whofe 
Bafe  is  a  Hexigon,  each  Side  being  16  Inche?,  the 
Perpendicular  from  the  Center  of  the  Bafe  to  the 
Middle  of  one  of  the  Sides  (ab)  13.84  Inches,  and 
the  Length  of  tlic  Prifm  15  Feet;  the  lolid  Content 
is  required. 

Multiply  h^lf  the  Sum  of  the  Sides  48  by  13.84, 
and  the  Produft  is  664.32,  the  Area  of  the  hexago- 
nal Bafe  (by  '^VIU.  p.  85),  which  multiplied  by  15 
Feet,  the  Length,  the  Produd  is  9964.8  ;  which 
divided  by  144,  the  Quotient  will  be  6y.z  Feet,  the 
folid  Content  repaired. 


13.84 
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B    a     c  '    ''It 

11072 

553^ 


H  T 


664.32  Ar.ofBafe^ 

15 


332160 
66432 


144)9964.80(69.2^ 
864 


1324 
J  296 


288 
288 


By  Scale  and  Comfaffes* 

Firll,  find  a  mean  Proportional  between  the  Per*- 
pe^ndicuhir,  and  half  the  Sum  of  the  Sides  ;  that  is, 
divide  the  Space  between  13.84  and  48,  and  the 
middle  Point  will  be  25.77.  I'hen  extend  the 
Compafles  from  12  1025.77  j  that  Extent  will  reach 
(being  twice  turned  over)  iirom  15  Feet,  the  Length, 
to  69.2  Fe-er,  the  Content. 


To 
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To  find  the  fuperficial  Content  of  any  of  the  fore- 
mentioned  Solids,  you  mull  take  the  Girth  of  the 
Piece,  and  multiply  by  the  Length,  and  to  ta;it  Pro- 
du<ft  add  the  two  Areas  of  tiie  Bafes,  the  Sum  will 
be  the  whole  fupe.ficial  Coment.  Example  of  the 
hexagonal  Prifm  lall  mentioned.  The  Sum  of  the 
Sides  being  96,  and  the  Length  15  Feet,  that  is, 
180  Inches ;  which  multiplied  by  96,  the  Produ(5l  is 
17280  fquare  Inches;  to  which  add  twice  664.32, 
the  Areas  of  the  two  Bafes,  the  Sum  is  18608.64,  tne 
Area  of  the  Whole,  which  is  129.22  Feet. 


180 
96 


1080 
1620 

17280 

664.32 
664.32 

1(44)  18608.64(129.22 
^__^^  •  •  • 

420 
1328 
3261 

'        384 


96 

The   fuperficial    Content  of  the  whole  Solid  is 
129.2/2  Feet. 

By  Scale  and  Compajfes. 

Extend  the  CompafTes  from  144  to  180  ;  that  Ex- 
tent will  reach  from  96  to  120  Feet.     Then,  to  find 
the  Area  of  the  Bafe,    extend  the   CompalTes  from 
5  '  144 
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14410  13.84;  that  Extent  will  reach  from  4810 
4.6  Feet ;  and  1 20  Feet,  and  twice  4.6  Feet,  and  it 
makes  129.2  Feet,  the  fuperhcial  Content,  as  before. 
The  Demon ftration  of  thoie  lafl  Solids  will  be  the 
fame  as  in  the  firfl:  Section  ;  for  as  in  that,  ib  in  thefe, 
the  Area  of  the  Bafe  is  multiplied  into  the  Length 
to  find  the  Content,  and  the  fame  Reafon  is  given 
for  one  as  for  the  other. 


wmmm^m3m:mxmm:mm 


§  IV.    Of  a  Pyramid. 

A  Pyramid  is  a  folid  Figure,  the  Bafe  of  which  is 
a  Polygon,  and  ics  Sides  plain  Triangles,  their 
feveral  Tops  meeting  together  in  one  Poiat.  To 
find  ihe  folid  Content  cf  it,  this  is 

ne     RULE. 

Multiply  the  Area  of  the  Bafe  by  a  third  Part  of 
the  Altitude,  or  Length  ;  and  the  Produdis  the  folid 
Co-ntent  of  the  Py rancid. 


Let 
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I4S 


Let  A  B  D  be  a  fquarc 
Pyramid,  each  Side  of  the 
Bafe  being  i8  5  Inches,  and 
the  perpendicular  Height 
CD  is  15  Feet:  Multiply 
18.5  by  18.5,  and  the  Pro- 
duct is  342.25,  the  Area 
of  the  Bafe  in  Inches ; 
which,  multiplied  by  5,  a 
third  Part  of  the  Height, 
and  the  Product  is  17  1 1.25  ; 
this  divided  by  144,  the 
Qiiotient  is  1 1 .88  Feet,  the 
folid  Content. 


18.5 
18.5 

925 
1480 
^85 

342.25  Area  of  the  Bafe. 
5 


F. 

I 
I 

I.  Pes. 
6     6' 
6     6. 

I 

6     6 

9     3 
■    9     .1 

144)1711.25(11.88  Content. 


2463 
£ 

II   10     7     3 


'\ 


Sj 
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By  Scale  and  Compajfes, 

Extend  the  Compaffes  from  12  to  18.5  Inches, 
that  Extent,  turned  twice  over  from  5  Feet  (a  third 
Part  of  the  Height),  will  fall  at  lall  upon  11.88  Feer, 
the  foiid  Content. 

To  find  the  fnperfic'ml  Content. 

Multiply  the  flant  Height  (or  Perpendicular  of 
one  of  the  Triangles)  by  half  the  Periphery  of  the 
Bafe57,  and  the  Produdl  is  6668.88  ;  which  divided 
by  144,  the  Quotient  is  46.31  Feet,  the  fuperficial 
Content  of  all  but  the  Bafe;  then  to  that  add  '2. 38 
iFeet,  the  Bafe,  and  it  makes  48.69  Feet,  the  whole 
Superiicial  Content. 

180.24  the  flant  Height  d  D. 

37  144)342-25(2.38 
■    288 


126168 


54072  542 

432 

144)6668.88(46.31  

576             2.38  1105 

.^ 1 152 

908         48.69  the  whole  Content. 

864 

448 

432 

168 
144 


24 


Sj 
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By  Scale  and  Coni'pafJ'es, 

Extend  the  Compafles  from  144.  to  180. 24,  that 
Extent  will  reach  from  37  to  46.31  Feet,  the  Area 
of  the  four  Triangles  ;  and  extend  the  CompafTes 
from  144  to  18.5  ;  (one  Side  of  the  Bafe),  that  Ex- 
tent will  reach  from  18.5  to  2.'},'^^  fere  :  Which  acided 
to  the  other,  the  Sum  1548.69,  the  whole  Superficies. 

DcmonjJraficn.  Every  Pyramid  is  a  third  Part  of 
the  Prifm,  that  hath  the  fcime  Bafe  and  iieight  (by. 
£i(cL  12.7.) 

That  is,  the  folid  Content  of  the  Pyramid  ABD 
(in  the  lad  Figure)  is  one  third  Part  of  its  circum- 
icri&ing  Prifm  ABEF. 

For  every  Pyramid  that  hath  a  fquare  Bafe  (fucK' 
as  Aa  Bb  in  the  lall  Figure)  is  coniUiuted  of  an  infi- 
nite -Series  of  Souares,  whofe  Sides  or  Roots  are 
coniinually  increafing  in  arithmetical  Progreflior^ 
beginning  at  the  Vertex  or  Point  D,  its  Bafe  Aa  Bb 
being  the  greatell  Term,  and  its  perpendicular 
Height  CD  is  the  Number  of  all  the  Terms:  But 
the  lalt  Term  multiplied  into  the  Number  of  Terms, 
the  Produdl  will  be  triple  the  Sum  of  all  the  Series 

(by  Lemma  3.) ;  confequently zzS.     And  S  is 

equal  to  the  folid  Content  of  the  Pyramid.  From 
hence  it  will  be  eafy  to  conceive,  that  every  Pyramid 
is  I  of  its  circumfcribing  Prifm  (that  is,  of  a  Prifm 
of  equal  Bafe  and  Altitude),  what  Form  foever  its 
Bafe  is  of;  njiz.  whether  it  be  fquare,  triangular, 
pentangular,  ^c.  You  may  very  eafily  prove  a 
triangular  Pyramid  to  be  a  third  Part  of  a  Prifm  of 
equal  Bafe  and  Altitude,  by  cutting  a  triangular 
Pnfm  of  Cork,  and  then  cut  that  Prifm  into  three 
Pyramids,  by  cutting  diagonally,  as  I  have  feveral 
times  done,  to  fatisfy  niylelf  and  others. 

O  z  Let 
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Let   ABCD  be  a  trian- 
.0  gular   Pyramid,  each  Side 

of    the    Bale    being    21.5 
Inches,  and   its   perpendi- 
*. ;  cular  Height  16  Feet;  the 

Y\\  Conicnt,  folid  and  iuperfi- 

cial,  is  required. 

Firil,  find  the  .Areaof  the 
Bafe,  by  multiplying  half 
the  Side  by  the  Perpendicu- 
lar, let  fall  from  the  Angle 
of  the  Bafe  to  the  oppolite 
Side  ;  which  Perpendicular 
V>'ill  be  found  to  be  18.62  ; 
the  Half  of  it,  9,3  i,  multi'. 
plied  by  ^1.5,  the  Produd 
is  200. 1 65  In'ches,  the  Area 
of  the  Bafe.  Then,  becaufe 
the  Altitude  16  cannot  ex- 
aflly  be  divided  by  3,  there- 
fore 1  take  the  third  Part  of 
200.165,  which  is  66.72, 
and  multiply  it  by  16,  and 
«B  the  Produdl  is  1067.52; 
which  divided  by  144,  the 
Quotient  is  7.41  '^qzX,  t^e  folid  Content. 


93« 


Chap.  2.     Men  fur  at  ion  of  Solids,  149 

931   half  the  Perpend.  F.  I.  Pts. 

21.5   the  Side,  Side   i     9     6 


1862 

3)200  165   Area  Bafe. 

66.72  a  third  Part. 
16   Height. 


Half  Perp.         9     4 


40032 

6672 


1 

4 

I 
7 

6 

2 

Area  Bafe   1 

4 

8 

8 
4 

5 

6 

10 

8 

4 

.3)22 

3 

6 

8 

144)1067.52(7.41  SolidCoat.     Cot^c.  7522 

1008 


595 

192 

48 

In  earning  this  up  by  Feet  and  Inches,  infcead  of 
multiplying  by  16,  the  Height,  1  break  16  into  two 
luch  Numbers,  as,  being  multiplied  together,  the 
Produd  may  be  16;  'vi'^c.  into  4  and  4,  and  multi- 
ply full  by  one,  and  then  the  other ;  a  third  Part  of 
the  lail  Produd  is  the  Content. 

By  Scale  and  Compajfes, 

Firfl:,  find  a  geometrical  mean  Proportional  (as 
before  direded),  by  dividing  the  Space  bctv\een  21.5 
and  9.3  I  in(o  two  equal  Par:s,  and  you  will  find  the 
middle  Point  at  I4.i5>  which  is  the  mean  Propor- 
tional fought.     Then  extend  the   Coxiipaires  from 

O  3  .    ijt 
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12  to  14.15,  that  Extent  (turned  twice  over  from  16 
Feet)  will  fall  at  lail  upon  22.23  J  ^  third  Part 
thereof  is  7.41  Feet,  the  Content. 

^0  find  the  fuferficial  Content. 

Mul  iply  the  flant  Height  (or  Perpendicular  of 
cne  of  the  Triangles)  by  half  the  Periphery  of  the 
Bafe,  and  to  that  Produd  add  the  Area  of  the  Bafe, 
the  Sum  is  the  whole  fuperficial  Content. 

192.1  Inches,  the  flant  Height  dD. 
Half  Periph.  32. 25=21. 5  +  10.75 

9605 
3842 
3842 

5763 


6195.225  Inches,  the  Area  of  all  but  the 
200.165   Area  of  the  Bafe  add.       (Bafe. 

144)6395.390(44.41   Feet,  the  whole  Content, 
576    • 

576 

593 

576 


179 
144 


35 
By  Scale  and  Compares. 

Extend  the  Compaffes  from  144  to  192.1,  that 
Extent  will  reach  from  32.25  (half  the  Periphery 
of  the  Bafe)  to  43.02  Feet,  the  Content  of  the 
upper  Part, 

And 
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And  extend  the  Compafles  from  144  to  half  the 
Perpendicular  9.31,  that  Extent  will  reach  from 
the  Side  21.5  to  1.39  Feet,  the  Area  of  the  Bafe  ; 
which,  added  to  the  other,  makes  44-41  Feet,  the 
Content  of  the  whole. 


Let  .ABCDEFGFI  be  a 
Pyramid,  whofe  Bafe  is  a 
Heptagon,  each  Side  of  it 
being  15  Inches,  the  Per- 
jrendicular  of  the  Heptagon 
15.58  Inches,  and  the  per- 
pendicular Height  of  the 
Pyramid,  HI,  13.5  Feet; 
the  Content,  folid  and  fu- 
periicial,  is  required. 

Multiply  15.58  (the  Per- 
pendicular)by  52.5(halfthe 
Sum  of  ihe  Sides  of  the  Hep- 
tagon) and  the  Produdl  is 
81  7.95  ;whichmultiplied  by 
45,  vi^.  -J  of  the  Height,  r' 
and  theProdudis  3680.775. 


Then 
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Then   divide   this  lafl;    Produd    by  144,   and  the 
Quotient  is  25.56  Feet,  the  Pontent. 

15.58   the  Heptagon's  Perpend. 
52.5  the  Half  Sum  of  the  iiides. 

7790 
31 16 
7790 


817.950 

4.5  a  third  Part  of  the  Height*. 


4089750 
3271 800 


144)3680.7750(25.56  Solid  Feet, 
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800 
720 


2oj 
720 

864 

By  Scale  and  Ccmpajfes, 

Firft,  find  a  geometrical  mean  Proportional  be- 
tween 15.58  and  52.4  (as  is  before  direded),  which 
you  will  find  to  be  28.06  ;  then  extend  the  Com- 
paiTes  from  12  to  28.06,  that  Extent  will  reach  from 
4,5  (twice  turned  over)  to  25.56  Feet. 


To 
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To  find  the  Superf.cial  Content, 

Muhlply  the  Height  taken  from  the  Middle  of  one 
of  the  Sides  of  the  Bafe  162.75  Inches,  by  the  Half- 
Sum  of  the  Sides  52.5  Inches,  and  tiie  Produdl  is 
8544.375;  which  divided  by  144,  the  Quotient  is 
59.335  Feet,  the  Content  of  the  upper  Pare. 

162.75                           144)817.95(5.6 
52.5  . 


8137s 

32550 

81375 


144)8544.375(59.335  Feet. 
—  5.68     Bafe  add. 


65.015  the  whole  Content. 


135 

By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  144  to  162.75  ;  that 
Extent  will  reach  from  52.5  to  59.335  Feet. 

And  extend  the  Compares  from  144  to  15.58, 
the  Perpendicular  of  the  Heptagon,  that  jixtent  will 
reach  from  5.25  to  5.68  Feet,  the  Content  of  the 
Bafe  ;  which  add  to  the  former,  the  Sum  is  65.015, 
the  whole  fupcrficial  Content, 


^v. 
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§  V.     Of  a  Cylinder. 

A  Cylinder  is  around  Solid,  having  its  Bafes  cir- 
cular, equal,  and  parallel,  in  Form  of  a  Rol- 
ling-ftone  uTed  in  Gardens.  To  find  the  Iblid  Con- 
tent of  it,  this  is 

The     RULE. 

Multiply  the  Area  of  the  Bafe  by  the  Length,  and 
the  Produdl  is  the  folid  Content. 


Let   A  B  C  be  a  Cylinder, 
whofe  Diameter  AB   is  21,5 
Inches,  and  ihe  jLength  CD  is 
16  Feet  J  the  folid  Content  is 
S  required. 

Firft,  fquare  the  Diameter 
21.5,  and  it  makes  462.25  ; 
which  multiplied  by  .7854, 
and  the  Product  is  363.051 1^, 
Then  multiply  this  by  16,  and 
the  Prpdua  is  5808.8184.  Di- 
vide this  laft  Produft  by  144, 
and  the  Quotient  is  40. 3  4  Feet, 
the  folid  Content. 


By  Scale  and  Compajfes. 

Extend  the  Companies  from  13.54  to  2T.t;,  the 
Diameter,  that  Extent  (turned  twice  over  from  \6, 
the  Length)  will  at  laft  fall  upon  40-34,  the  folid 
Content. 

To 
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To  find  the  Ju^erficial  Content, 

Find  (by  Chap.  I.  Sed.  JX.  Prob.  2.),  find  the 
Circumference  of  the  Baf'e  67.54,  which  multiplied 
by  16,  the  Product  is  1080.64;  which  divided  by 
12,  the  Quotient  is  90.05  Feet,  the  curve  Surface  ;  to 
which  add  5.04  Feet,  the  Sum  of  the  t.vo  Bafes,  and 
the  Sum  is  95.09  Feet,  the  whoi-e  fuperficial  Content. 

67.54  363-03 

16  2 


40524                                        144)726.10(5.04 
6754  

,— —  90-05  I  add.  ^'^ 

12)1080.64     5-04.J  — 

• 34 

90.05    95.09 

By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  121067.54,  the  Cir- 
cumference), that  Hlxtent  will  reach  from  16  (the 
Length)  1091.05  Feet,  the  Curve  Surface-. 

And  extend  the  Compafl'es  from  12  to  21.5  (the 
Diameter),  that  Extent  (turned  twice  from  .7854) 
will  at  lad  fall  upon  2  52  Feet,  the  Area  cf  the 
Bafe ;  which  doubled  is  5.04;  this,  added  to  the 
curve  Surface,  makes  95.09  Feet,  the  whole  fuper- 
frcial  Content. 

Demonjiration.  The  folld  Content  of  every  Cylin- 
der is  found,  by  multiplying  the  Area  of  its  Bafe 
into  its  Height,  as  aforefaid  :  For  every  right  Cy- 
linder is  only  a  round  Prifm,  being  conftituted  of 
an  infinite  Series  of  equal  Circles;  that  of  its  Bafe, 
or  End,  being  one  of  the  Terms,  and  its  Height  CD 
(in  the  former  Figure)  is  the  Number  of  all  the 
Terms.     Therefore  the  Area  of  its  Bafe  AB,  being 

2 
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multiplied  into  CD,  will  be  its  Solidity  (by  Lemma 
I.)  LetD-AB,  HziCD. 

Then  .7854  DDxHzzlts  Solidi.ty. 


§  VI.      0/   ^    C  O  N  E. 

A  Cone  is  a  Solid,  having  a  circular  Bafe,  and 
growing  fmaller  and  fmaller,  till  it  ends  in  a 
Point  which  is  called  the  Vertex,  and  may  be  nearly 
reprefented  by  a  Sugar-loaf.  To  find  the  Solidity 
of  it,  this  is 

r^^    R  U  L  E. 

Multiply  the  Area  of  the  Bafe  by  a  third  Part  of 
the  perpendicular  Height,  and  the  Produ6l  is  the 
folid  Content, 

G  Let  ABC  be  a  Cone,   the 

Diameter  of  whofe  Bafe  AB  is 
26.5  Inches,  and  the  Height  of 
theConeDCis  i6.5Feet:  Firft, 
fquare  the  Diameter  26.5,  and 
it  is  702.25,  which  multiply 
by  .7854,  and  the  Produft  is 
551,54715  ;  which  multiply 
by  5.5,  and  the  Product  is 
3033.50932  ;  which  divided  by 
144,  the  Quotient  is  2\.oj  fere  ^ 
the  folid  Content  of  the  Cone. 


26,5 
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26.5  the  Diameter. 
26.5 


1325 
1590 

til  ■ 

702.25  the  Square, 
.7854. 

2809C0 
35»»25 

561800 

491575 


551.541715   Area  of  the  Bafe. 

5.5  a  third  Part  of  the  Height. 

275770 
275770 


144)3033.4710(21.06  Feet,  tha  Content. 
947 


83 

By  Scale  and  CompaJJes, 

Extend  the  CompalTes  from  13.54  to  26.5,  the 
Diameter,  that  Extent  turned  twice  over  from  5.5  (a 
third  Part  of  the  Height),  it  will  at  laft  fall  upon 
21.06  Feet,  the  Content. 

I'd  fiyid  the  Juferficial  Content. 

Multiply  half  the  Circumference  41.626  by  the 
flant  Height  AC  198.46,  and  the  Produ(ft  is 
8261.09596;  which  divided  by  144,  the  Quotient 
is  Sl'll  f^^^*  ^^  curve  Surface;  to  which  add  the 
B'afe,  the  Sum  is  61.2,  the  fuperiicial  Content. 

P  41.626 


15  S  Menjuratlon  of  Solids,      Part  II. 

41.626  half  Circumference  of  the  Bafe. 
198.46  the  ilant  Heiglit. 

249756 
166504 
3  3  3^*08 

374634  .  "         ^ 

41626 


144)8261.09596(57.37  Vet^fcre. 

• 3.83   the  ijafe  add. 

ig6i  

530  61.20  the  whole  Content. 

989 


H4)55i-54(3'83 


By  Scale  and  Compajfes* 

Extend  the  CompafTes  from  144  to  198  46,  that 
Extent  will  reach  from  41.626  to  57.37  Feet,  the 
curve  Surface. 

And  extend  the  CompafTes  from  12  to  26.5,  the 
Diameter  ;  that  Extent,  turned  twice  over  from 
.7854,  v/i  11  at  lad  fall  upon  3.83  Feet,  the  Bafe; 
which  added  to  57.37,  the  Sum  is  61.2  Feet,  the 
fuperiiciai  Content. 

Vemcnjlrat'ion.  Every  Cone  is  the  third  Part  of  a 
Cylinder  of  equal  Bafe  and  Altitude.  The  Truth  of 
this  may  eafily  be  conceived,  by  only  confidering, 
that  a  Cone  is  but  a  round  Pyramid;  and  therefore 
it  muft  needs  have  the  fame  Ratio  to  its  circum- 
fcribing  Cylinder,  as  the  fq^uire  Pyramid  hath  to  its 

circum- 
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circumfcribing  Parallelopipcdon  ;  'y/x.  as  1  to  3. 
However,  10  make  it  yet  clearer,  let  it  be  farther 
confidcred,  That 

E'.  erv  rif^ht  Cone  is  conftituted  of  an  infinite  Se- 
ries of  Circle?,  whofe  Dianieiers  do   continually  in- 
ere:  fe  in  arichmetical  ProprclTion,   beginning  at  the 
Vertex,  or  Point  C,  the  Area  of  its  B.ife  AB  being 
the  grcatellTerm,  and  its  perpen  iicular  Height  DC,_ 
the  Number  of  all  the  Terms;   therefore  the  Area  of 
the  Circle  of  the  Bafe,  mukiplled  by  a  third  P.irt  of 
the  Altitude  DC,  will  be  the  Sum  of  all   the  Series 
cqaal  to  the  Solidity  of  the  Cone,  by  Lemma  ill. 

The  curve  Superficies  of  every  right  Cone,  is 
equal  to  half  the  Rectangle  of  the  Circumference  of 
irs  Bafe  into  the  Length  of  its  Side. 

For  the  curve 
Surface  of  every  -^ 
right  Cone  is 
equal  to  the  Sec- 
tor of  a  Circle, 
whofe  Arch  B  C 
is  equal  to  the 
Periphery  of  the 
Bafeof  the  Cone, 
and  Radius  AB 
equal  to  the  flant 
Sideof  the  Cone  : 
Which  will  ap- 
pear very  evident,  if  you  cut  a  Piece  of  PapT  ia 
the  Form  of  a  Sedor  of  a  Circle,  as  ABC,  and  bend 
the  Sides  AB  and  AC  together,  till  they  meet,  and 
you  will  find  it  to  form  a  right  Cone. 


I  have  omitted  the  Demonftrations  tcuchin?  the 
Superficies  of  all  the  foregoing  Solids,  becaufe  I 
thought  it  needlefs,  they  being  all  compofed  o^ 
Squares,  Parallelograms,  Tri.ingles,  If^c.  which  Fi- 
gures are  all  demonihated  befjre.     And  if  the  Area 

P  2  of 
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of  all  fuch  Figures  as  compofe  the  Surface  of  the 
Solid,  be  found  feverally,  and  added  together,  the 
Sum  will  be  the  fuperficial  Content  of  the  Solid. 

§  VII.    Of  the  Frufttm  of  a  Pyramid. 

A  Fruilum  of  a  Pj/ramid  is  the  remaining  Part, 
A  X.  when  the  Top  is  cut  off  by  a  Plane  parallel  to 
the  Bafe.  To  find  the  folid  Content  of  which  there 
are  feveral  Rules. 

R  U  L  E     I. 

To  the  Re<ft£ngle  (or  Produ61)  of  the  Sides  of  the 
two  Bafes  add  the  Sum  of  their  Squares ;  that  Sum, 
being  in  ultiplied  Into  One-third  Partof  the  Frutlum's 
Height,  wiil  give  its  Solidity,  if  the  Bafes  be  f^^uarc. 

Or  thus ;  which  is  the  fame  in  EfFefl : 

Multiply  the  Areas  of  the  two  Bafes  together,  and 
to  the  fquare  Root  of  the  Prod  u6l  add  the  two  Areas ; 
that  Sum,  multiplied  by  One-third  of  the  Height, 
gives  the  Solidity  of  any  Fruilum,  fquare  or  mult« 
angled. 

RULE     IL 

To  the  Re£langles  of  the  Sides  of  the  two  Ba/e«, 
add  One-third  Part  of  the  Square  of  their  Diffe- 
rence; that  Sum,  being  multiplied  into  the  Height, 
will  produce  the  Solidity,  if  the  Bafes  be  Squares : 
But  if  they  be  triangular  or  multangular,  the  faid 
P-edlangle  of  the  Sides,  with  the  third  Part  of  the 
Square  of  their  Difference,  will  be  the  Square  of  a 
mean  Side  j  and  the  fquare  Root  of  it  wiil  be  fuch  a 

mean 
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mean    Side  as  will  reduce   ihe   tapering  Sulid  to  a 
Prifm  equal  to  it. 

Example.  Let  A  B  C  D 
be  the  I'rullum  of  a  fquire 
Pyramid,  the  Side  of  the 
greater  Bafe  18  Inches,  and 
the  Side  of  the  leiTer  xz 
Inches,  and  the  Height  18 
Feet;  the  Solidity  is  re- 
quired. 

Firft,  multiply  the  two 
Sides  together,  18  by  12, 
and  the  Produ.^1  i>  216,  and 
the  Diiference  of  the  Sid-es 
is  6,  the  Square  of  which 
is  36,  a  third  Part  of  this  is 
1  2,  which  added  to  2  i6,  the 
Sum  is  228  Inche?,  the  Area 
of  a  mean  Bafe;  this  being 
multiplied  by  18  Feet,  the 
Length,  the  Product  is 4 104;  ^ 
and  this  being  divided  by 
144,  the  Quotie:U  is  28.5 
Feet,  the  Content. 

Or,  by  the  firil  Rule,  thus:  the  Square  of  if>  is 
324,  and  the  Square  of  i  2  is  144,  and  the  Reiftangle 
of  18  by  12  is  216;  the  Sum  of  thefe  three  is  6^4, 
which  being  multiMlied  bv  6,  tjie  Produd  is  4101; 
and  divided  by  144,  the  Quotient  is  28.5  Feet,  the 
fame  as  before. 


P3 


See 


i6z 
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See  the  Work  both  Ways. 


18 
12 


6  DiiF. 
6 


iS 
18 


12 
12 


216       3)36  Square,  f  324Sq.i4^Sq. 

12      add —  J   144 
— —          i2aThird.  j  216 

22S  the  Sum.  (. 

18  the  Height.  684  the  Sum. 

— —  6    a    3d    of   the 

1824  ■              Heioht. 


228 


144)4104(28.5 

1224 

720 


144)4104(28.5  Feet. 

1224 
720. 


By  Feet  and  Inches,  thus : 


F.    I.     I. 

Mult.  I     6        6 
by   I  6 


Frod.    1     6  3)36q, 
add  01       — 


4vlult.    ! 


12 


3 


18     o  Height. 


X-t 

O 


F.  r. 

2  3  Sq.  of  the  grcatar. 
1   6  the  Redlangle. 
I   o  Square  of  the  lefs. 


18     o 
9     o 


Cont.28     6 


4  9  Trip. of  a  mean  Ar. 
6  o  a  3d  of  the  Height. 


28  6 
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^0  find  tbefuperficial  Content, 

The  Perimeter  of  the  greater  Bafe  is  72,  and  th^ 
Perimeter  of  the  lelicrBalc  is  48  ;  add  both  the  Peri- 
meters together,  the  Sum  is  120;  the  half  of  it  is 
60;  which  muKiplied  by  18  Feet,  the  Produift  is 
1080  ;  this  divided  by  12,  the  Quocient  is  90  Feet  ; 
to  which  add  the  two  Bafes  2.25  Feet,  and  i  Foot; 
the  Sum  is  93.25  Feet,  the  whole  fuperficial  Content. 


18 

12 

18  the  Height. 

4 

4 

60 

72 

48 

12)1080 

48 

90  Feet. 

2)12© 

2.25   the  greater  Bafe 
1         the  TefTer  Bafe. 

Again  :  Let  A  BC  be 
theFruflum  ofatriangular 
Pyramid,  each  Side  of  the 
greater  Bafe  25  Inches,  and 
each  Sideof  thelefTer  Bafe 
9  Inches,  and  the  Length. 
I  5  Feet ;  the  folid  Content 
ot  it  is  required. 

By  the  fecond  Rule, 
multiply  25  by  9,  and 
the  Produiil  is  225  ;  and 
the  Difference  between  25 
and  9  is  1 6, which  f(]uared, 
makes  256  ;  a  third  Partof 
tlii  sis  85.3  3  3,  which  added 
to  2  2  5,theSumis  3  10.333; 
and  this  multiplied  by433, 
theProdudisi  34. 374, ^f^-. 
which  is  the  Area  of  a  mean  ^ 


93.25  the  Sum. 
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Bafe;  and  ihat  muhiplied  by  15  Feet,  the  Length, 
the  Proda6l  is  2015.61  ;  which  divided  by  14^,  the 
Quotient  is  13.99  ^^^^y  ^he  Solidity. 

Or  thub,  by  the  latter  Part  of  the  firft  Rule  :  Find 
the  Area  of  the  greater  Bafe,  which  you  will  find  to 
be  270.625,  and  the  Area  of  the  leiTer  Bafe  will  be 
31J.073  ;  thefe  two  Areas  multiplied  together,  the 
Frodui^t  150491.630625  ;  the  Square  Root  of  which 
is  97.425  ;  to  Wiiich  add  the  two  Areas,  and  the  Sum 
is  403.123  ;  which  multiplied  by  a  thiid  Part  of  ihe 
Length,  5,  the  Produdlis  2015.615  ;  and  that  divided 
by  144,  the  Quotient  is  13.99  F>et,  as  before. 

See  the  Working  of  both. 
25         25 
9  9 


Prcdud  225         J  6  DiiF. 

16 

96 
16 


3)256     the  Square. 

•     85.333     a  third  Part. 
225  add. 

3^0-333 

435   tabular  Nwmber,  /.  89, 

930999 
950999 
1241 3^3 


134.374189  mean  Area, 
15  Length. 


67 18; 0945 
134374189 


144)20)5.6112335(13.99  Feeto 

M36 

1 40 1 
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25  9  -43  3 

25  9  8i 


125      81  Square.    433 
50  3464. 

625  Square.         35  073 
•433 


1875 
1875 

2500 

270. 625' 
35-073 

811875 

J894375 
13531250 

811875 

270.625  Area. 

9491.630625 

9.191.630625(97.425 
81 

187)1391 
1309 

1944)8265 

777^ 


19482)48706 
38964 


194845)974225 
974225 


270.62« 
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270.625   greater  Area, 
97.425    ihe  mean  Proportional. 
35.073   the  lefTer  Area. 


403..  I  23   the  Triple  of  a  mean  Area, 
5   a  third  Part  of  the  Height. 


144)2015  615(13.99  Feet,  the  Solidity. 

S7S 
1 40 1 


lO! 


In  finding  the  Area  of  the  triangular  Bafe,  I  mul- 
tiply by  433,  becuufe  that  is  the  Area  of  the  equi- 
lateral Triangle,  when  the  Side  of  it  is  i.  A  Table 
of  the  Areas,  or  Multipliers,  for  finding  the  Areas 
of  Polygons,  you'll  find  in/.  89. 

Multiply  the  Square  of  the  Side  hy  the  tabular  Num* 
her,  and  theFrodu^  is  the  Area  of  the  Polygon* 

To  find  the  fuperficial  Content, 

The  Perimeter  of  the  greater  Bafe  is  75,  and  the 
Perimeter  of  the  lefTer  Bafe  is  27  ;  the  Sum  of  both 
is  102,  and  the  half  Sum  is  5  i  ;  which  multiplied 
by  15  Feet,  the  Produ^  is  765  ;  which  divided  by 
12,  the  Quotient  is  63  75  ;  to  which  add  the  Sum 
of  the  two  Bafes  2.12  Feet,  and  the  Sura  is  65.87 
Feet,  the  whole  fuperficial  Content. 

Ncfe,  That  51  fnould  have  been  multiplied  by 
the  ilant  Height,  but  the  DifiVrence  it  would  make 
is  but  .06  of  a  Foot,  which  is  inconfiderablc. 


Again  t 


Menjuralion  of  Superficies, 
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CJiap.  2. 

Again:       Suppofe 

A  B  C  D     to    be    ihe 

FrullumofaPyramul, 

hiving   an  odagonal 

Bafe,  eich  Side^of  it 

being   9   Inches,   and 

caches ide  of  the  leir?r 

Bife  5  Inches,  and  the 

Length,    or   Height, 
10.5  Fee;  i   the  Sofi- 

dity  is  required. 
B)  the  lecond  Rule, 

multiply  the  greater 
Side  9  by  the  IcHer 
Side  5,  and  the  Pro- 
dudl  is  45  ;  then  the 
Difference  between  9 
and  5  is  4 ;  which 
fquared  makes  16  ;  a 
third  Part  of  which  is 
r.3333,  which  added 
to  45,  the  Sum  is 
50.3333;multiplythis 
lalt  by  the  Number  in  the  Table  4.8284,  and  the 
Produd  is  243.0292,  the  Area  of  a  mean  Bale; 
which  multiplied  by  the  Height  10.5  Feet,  t.he  Pro- 
duct is  2551.S066;  then  divide  this  laft  Prvoduft  by 
144,  and  the  Quotient  is  17.72  Feet,  the  folid  Con- 
tent. 

See  the  Work. 


Mult. 
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Mult.  9  Inches.     9  from  the  greater  Side, 
by  5   Inches.     5  fubtrad  the  leiTer. 

Prod.  45  4 

4 


3)16  fquare. 

5-3333  a  t^ir^  Part. 
Add  45 

S-um  50.3333  the Sq.  of  a  mean  Side, 
4.8284  tabular  Number,/.  89. 

2013332 

402666 

i'oc67 

4026 

20! 


243  0292  a  mean  Area« 
10.5  the  Height. 

1 2 1 5  1 460 
24302920 


144)2551.801660(17.72 
144 


nil 

1008 


1030 
1008 


300 
288 

12 
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To  find  the  Jiipcrficlai  Content, 

The  Perimeter  of  the  ^renter  Bafe  is  72,  and  the 
Perimeter  of  the  Icfler  Bafc  is  40,  and  their  bum  is 
112;  the  Half  of  it  is  56,  which  multiplied  by  the 
Height  10  5  Feer,  and  the  ProJuft  is  588;  which 
divided  by  12,  the  Quotient  is  49  Feet;  to  which 
add  the  Sum  of  the  twoB:u'f;s,  355,  and  che  Sum  is 
52.55  Feet,  the  whole  fuperficial  Content. 

Dcmonjlrntlon,  From  the  Rules  delivered  in  the 
IV'^th  ,and  Vlth  Se(5^ions,  the  two  foregoing  Rules 
may  eafily  be  demonilratcd. 


rCV" 


s 


Suppofc  a  Square  Pyramid, 
AB  V,  to  be  cut  by  a  Plane  at 
rt  b,  parallel  to  its  Bafe  4B, 
and  it  were  required  to  find  the 
Solidity  of  theFruftum, or  Part  .[ 
a  b  AB.     Let  there   be  givcn^ 


DzrBA,  the  Side  of  the  greater  Bafe. 
d  — bdr,  the  Side  of  the  leller  Bafe. 
H~CP,  the  Perj^endicular  Height. 

Firll,  |i  D— d  :  H  :  :  d  :  A^~  VC  by  the  Figure 

Thei. 


B 


And 


H-'- VC 
X:)^  X  — ' zzthe  whole  Pyramid  BVA, 

by  Section  the  IVth. 
ddxJVC=:the  Pyramid  «  V  b  cut  ofF. 

CL  Then, 
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Then,  In  the  zd  and  3d  Steps,if,  infteadof  VC,  you 

^''^-vJHJ/^"^^  ^^  ^^'  ^y  ^he  firfl  Step,  it  will  be, 

' DDDH       , 
,^ d~        whole  Pyramid  EVA  ; 


*c.7Z.    1,2. 


and 


I-  3 


4—5 


d  d  H 


U3-3d- 
DDDH— dadH 


the  Pyramid  a  V  b. 


^         ,        zz  the  Fruftum  flb  AB. 

And  by  dividing  DDD — ddd  by  D — d,  and  then 
multiplying  the  Quotient  by  {  H,  the  lall  Step  will 
be  reduced  to  DD  +  Dd-f  ddx  ~  H=:the  Fiuftuni 
rt  b  A  B  ;    vhich,  in  Words,  is  thus  : 

To  the  Re6lan?le  of  the  Sides  of  the  two  Bafes 
add  the  Sum  (  f  their  Squares  ;  that  Sum  being  mul- 
tiplied into  One-thiid  of  the  Frullum's  Height,  will 
give  its  Solidity  ;  v/hich  is  the  fame  as  the  hrft  Rule 
of  this  Section. 


See  the  Work  of  the  Divifion. 

D— d)  DDD— ddd  (DD-f Dd  +  dd 
DDD— DDd 


DDd— ddd 
DDd— Ddd 

Ddd— ddd 
Ddu^ddd 


.0 


o 


The 
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The  fame  Rc.iiljn  will  hold  good  for  all  Fruftums 
of  Pyramids  or  Cones,  whether  the  Bafe  be  triangu- 
lar or  multangular,  becaufe  the  Squares  of  the  Sides 
of  any  Figure,  or  the  Squares  of  the  Diameters  of 
Circles,  are  proportional  to  the  Area;  which  prove 
the  latter  part  of  the  faid  fir  11  Rule. 


Again,  to  prove  the  fecond  Rule. 


Suppofe 
then 


2     —     34 

4  —     3 

5  X     H 


^=:D— J.     And  Fzz  the  Frullum^ 

DD  +  Dd+dd~^by  thelaft. 

<x~DD^2Dd-|-dd. 
^F 

F  X- 

Dd— --=:— ixx.     Or  Dd4  ^xx=:--- 


H 


H 


^a-t-  ]  AX  X  H  — F,  the  Fruflum  a  b  Ab. 


Which,  in  Words,  is  thus : 

To  the  Rectangle  of  the  Sides  of  the  two  Bafes 
add  one  third  Part  of  the  Square  of  the  Difference 
of  the  faid  Sides,  and  multiply  the  Sum  by  the 
Height  of  the  Frullum,  the  Product  is  the  Solidity, 

The  fuperncial  Contents  of  Fruftums  (all  but  the 
Bafes)  are  compofed  of  as  many  Trapeziums,  as  the 
Frultum  has  bides.  Thus,  the  fquare  Fruilum  ab 
AB,  in  the  lalt  Figure,  is  compoled  of  four  Trape- 
ziums, having  the  two  upper,  and  alfo  the  two  lower 
Angles  equal;  if,  therefore,  the  frauezium  ah  AB 
be  cut  in  two  by  the  Line  CP,  and  the  two  Pieces 
laid  together,  the  Line  bB  upon  the  Line^^A,  the 
narrow  End  of  the  one  to  the  broad  End  of  the 
other,  it  will  form  a  right-angled  P.irailelogram,  as 
is  plain  by  the  Figure  annexed;   the  Parallelogram 

(i.2  DCEP 
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cr     C       (J  DCEP    being  equal   to   the 

Trapezium  abAYi  ;  becaufe 
the  Side  Da  is  equal  ro  PB, 
.'ind  E  A  is  equal  to  aQ. 
Theiefore,  to  find  the  Area 
of  the  Trnpezium,  add  half 
the  Side  ab  to  half  the   Side 


Ali,  and  it  makes  DC  or 
EP  ;  which  multiplied  by  the  Height  PC,  the  Pro- 
duel  is  the  Area  of  the  Parallelogram  DCEP,  equal 
to  the  Trapezium  ^iAB  ;  then,  if  th."t  be  multi- 
plied by  the  Number  of  Trapeziums,  the  Produft 
will  be  the  foperfici.il  Content  cf  the  Frullum, 
wanting  the  Bales.  Or,  if  the  whole  Pt-rimetcr  of 
the  greater  Bafe  be  added  to  the  Perimeter  of  the 
JefTer  Bafe,  and  half  the  Sum  multiplied  by  the 
Height,  the  Produdl  will  be  the  fuperficial  Content 
of  all  the  Trapeziums  at  once. 

Nctey  That  half  the  Sum  of  the  Perimeters  fliould 
be  multiplied  by  the  flant  Height,  up  the  Middle  of 
one  of  the  Trapezi  urns ;  but  in  the  foregoing  Exam- 
ples I  have  multiplied  by  the  perpendicular  Height, 
becaufe  the  DiiFerence  is  generally  very  inconfider- 
able  :  But  the  flant  Height  may  always  be  taken 
with  lefs  Trouble  than  the  perpendicular  Height, 
and  is  therefore  always  given  in  Pradice. 
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§  VIII.   Of  the  Frujlum  of  a  Cone. 

AFruilum  of  a  Cone,  is  that  Part  which  remains 
when  the  top  End  is  cut  oiF  by  a  Plane  parallel 
to  the  Bafe.  To  find  the  folid  Content,  the  Rules  are 
the  fame  in  EfFe^  as  for  the  Fruilum  of  a  Pyramid. 

RULE     I. 

To   the  Rectangle  of  the  Diameters  of  the   two 
Bafes  add  the  Sc^uares  of  the  faid   Diameters,  and 

multiply 
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multiply  the  Sum  by  .7S54,  the  Produd  will  be  the 
Triple  of  a  m»an  Area  ;  which  multiplied  by  i  of 
the  perpendicular  Height,  that  Produ6l  will  be  the 
folid  Content. 

Or  thus  :  Multiply  the  Areas  of  tiie  greater  and 
lefler  Bales  together,  and  out  of  the  Product  extra (5t 
the  Square  Root,  and  add  the  two  Area->  and  Square 
Root  together,  and  multiply  the  Sum  by  one-third 
of  the  perpendicular  Height,  the  Produ*^  is  the 
folid  Content. 


RULE     ir. 

To  the  Re6langleof  the  greater  and  IcfTer  Diame- 
ters, add  one-third  Part  of  the  Square  of  the  Dif- 
ference, and  multiply  the  Sum  by  .7854,  the  Produd". 
is  a  mean  Area;  which  multiplied  by  the  Perpendi- 
cular Height,  the  Produd  is  the  Solidity. 

Example.  Let  A  BCD 
be  the  Fr ultum  of  a 
Cone,  whofe  greater 
Diameter  C  D  is  18 
Inches,  and  the  lefTer 
Diameter  AB  9  Inches, 
and  the  Length  14.25 
Feet,  the  folid  Content 
is  required. 

Multiply  18  by  9, 
and  theProdu6lis  162, 
and  the  Difference  be- 
tween 18  and  9  is  9, 
theSquareofwhichi^S  i ; 
athJrdPartis  27, which 
add  to  162,  the  Sum  is 

189;  this  multiplied  by      c\  — j_      ■ .  \  \, 

.7854,  the  Produd  is 
148  4f;  which  divided 
by  J  44,  the  Quotient 
is  103  Fe.?r,  tlic  A:ca 
of  a  mean  Bafe;  which 

Q^J  muliiplied 
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malti'plied   by  14.25  Feet,  the  Height,  the  Produd 
is  14.6775  Feet,  the  folid  Content. 

Or  thus,  by  the  fir  ft  Rule. 

The  Square  of  18  (the  greater  Diameter)  is  324, 
and  the  Square  of  9  (the  IcffL-r  Diameter)  is  81 ,  and 
the  Redlangle,  or  the  Produdl  of  i  8  by  9,  is  162  ; 
the  Sum  of  thefe  three  is  567,  which  multiplied  by 
.785-}.,  the  Produdt  is  445.3218;  which  divided  by 
144,  the  Quotient  is  3.09  Feet,  the  triple  Area  of  a 
meanBafej  this  multiplied  by  4.75  Feet  (a  third 
Part  of  the  Height),  and  the  Product  is  146775 
Feet,  the  Solidity,  the  fame  as  before. 

See  the  Work. 
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ife       1.03   Fee:. 
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62832 
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Solid  Content  14.6775   Feet, 
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324  the  Square  of  18. 
162   the  Rcilangle. 
81    the  Square  of  9. 

567  the  triple  Square  of  a  mean  Diameter, 

.7854 
5^7 


549;  S 
47124 

39:70 

H+)445-34i8' 
tp  " 

1332 


—  154£^ 

36  2163 

1236 


The  Solidity   146775. 

To  find  the  Superficial  Content. 

By  Chap.  I.  Sed.  IX.  Problem  2.  youwill  find  the 
Circumference  of  the  greater  Bale  to  be  56.548*^, 
and  of  the  leiler  Bafe  28.2744;  the  Sum  ot  both  is 
84.S232;  the  Half  Sum  is  42.41  16  ;  which  multi- 
plied by  14.25  Feet,  and  the  Product  is  604.36,  <jc^ 
which  divioed  by  1  2,  the  Qnotient  is  50.^6  Feet,  the 
curve  Surface;  to  which  add  the  Sum  of  the  two 
Bafes,  2.21  Feet,  the  Sum  is  52.75  beet,,  the  whole 
faperEcial  Conienu 


i  IX, 
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§  IX.  ^0  meafure  the  Fruftum  of  a  re5f  an- 
gled Pyramid,  called  a  Pjrismoid,  whofe 
Bafes  are  parallel  one  to  another^  hut  dif- 
proportional. 

The    RULE. 

TO  the  greatefl  Length  add  half  the  leiTer  Length, 
and   multiply  the  Sum  by  the  Breadth  of  the 
greater  Bafe,  and  referve  the  Product. 

Then,  to  the  lefler  Length,  add  half  the  greater 
Length,  and  multiply  the  Sum  by  the  Breadth  of  ihe 
lefler  Bafe,  and  add  this  Produd  to  the  other  Pro- 
dud  referved,  and  multiply  that  Sum  by  a  third  Part 
of  the  Height,  and  the  Produdis  the  folid  Content. 


tl}<amph% 
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Example.  Let  ABCDb-FGH  be  a  Prifmoid  given, 
the  Lengih  of  the  greater  Bafe  AB  38  Inches,  and 
its  Breadth  x\C  16  Indies;  and  the  Length  of  the 
Jeffer  Bafe  EF  is  30  Inches,  and  its  Breadth  12 
Inches,  and  the  Height  6  Feet ;  the  folid  Content 
is  required. 

To  the  greater  Length  AB  38,  add  half  EF  the 
le/Ter  Length  15,  the  Sum  is  53;  whicli  multiplied 
by  16,  the  greater  Breadth,  and  the  Frodud  is  848  ; 
which  relerve. 

Again,  to  EF  30,  add  half  AB  19,  r.nd  the  Sum 
1549;  which  multiplied  by  12  (ihe  lefTcr  Breadth 
EG),  the  Produd  is  58S  ;  to  which  add  848  (the  re- 
ferved  Produd),  and  the  Sum  is  1436;  which  mul- 
tiplied by  2  (a  third  Part  of  the  Height),  and  the 
Product  is  2872;  divide  this  Produd  by  144,  and 
the  Quotient  is  19.94  Feet,  the  folid  Content. 


38  — AB 
i.—iEF 

30— EF 
19-IAB 

53 
i6~AC 

49 

i2  =  EG 

3«8 
S3 

588 

848 
5S8 

1436 

2=ia  third  Part  of  the  Height. 
144)2872(19.94  Feet,  the  Content. 

1432 
1360 
640 
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To  prcve  this  Rule.  Let  us  fuppofe  the  Solid  cut 
into  Pieces,  fo  as  to  make  it  capable  of  being  mea- 
fured  by  the  foregoing  Rules;  thus:  Let  ABCO 
reprefentih-;  5!:reaterBare,and  EFGH  thelefler  Bafe  ; 
and  let  th?  Solid  be  fuppofed  to  be  cut  through  by 
the  Lines,  7r,  hd^  and  ef,  gh,  from  the  Top  to  the 

Bo  torn  ;    To  will  there 
A       ^  ^   -^    be  a  Paralieiopipedon, 

^  ~j .    --         . ,       ...     \   \  f    having  its    Bales  equal 

to!:ne  lefler  BaieEFG  H", 
an.i  its  Height  6  Feet, 


g 


C  G 


E 


H 


(^ 


h 

D 


equal  to  the  Height  of 
the  Solid:  rvlultiply  t^o 
(the  Length  of  the  Bafe 
by  12,  the  Breadth  thereof),  and  the  Produd  is  360; 
which  iTiultiplied  by  the  Height  6  Feet,  and  the 
Produdl  is  2160.  Then  there  are  two  Wedge-like 
Pieces,  whofe  Bafes  are  ab%^ ,  and  QWcdi,  if  thefe 
two  Pieces  be  laid  together,  the  thick  End  of  one  to 
the  thin  End  of  the  other,  they  will  compofe  a  rec- 
tangled  Parallelopipedon  ;  which  to  meafure,  mul- 
tiply the  Length  of  the  Bafe  30  by  its  Breadth  2, 
and  the  Produft  is  60;  which  muldplied  by  6  (the 
Height),  the  Produd  is  360.  Then  there  are  two 
other  Wedge-like  Pieces,  whofe  Bafes  are  ^E^G, 
andy'F  \\h\  thefe  two  laid  together  will  compofe  a 
redanglcd  Parallelopipedon  :  To  meafure  this,  mul- 
tiply the  Length  of  the  Bafe  12  by  the  Breadth  4, 
the  Produdl  is  48  ;  which  multiplied  by  6  (the 
Height),  the  Produdt  is  288.  And  laftly,  there  are 
four  redlangled  Pyramids,  at  each  Corner  one ; 
which  to  meafure,  multiply  the  Length  of  one  of  the 
Bafes  4  by  its  Breadth  2,  the  Produift  is  8  ;  which 
multiplied  by  2  (a  third  Part  of  the  Height)  the 
Produifl  is  16;  and  that  multiplied  by  4  (becaufe 
there  are  four  of  them),  the  Prodi:6l  is  64.  Then 
add  all  thefe  together,  and  the  Sum  is  2872,  and 
divide  by  144,  the  Quotient  is  19.94  Feet,  the  fame 
as  before;  which  fliews  the  Rule  to  be  true. 


See 
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See  the  Work. 

12  30  12  4 

30  2  4  2 


60  48  8 

662 

360  288  16 

4 

64 

144)2872(19.94  Feet,  the  whole  Content. 
1432 
64.0 
64 

^0  find  the  Jwperficial  Coyitent, 

The  Sum  of  the  Ends  of  the  two  Bafes  is  28,  which 
being  multiplied  by  72  1 1,  the  flint  Height  of  each 
End,  is  2019.08  Inches:  alio  the  Sum  of  the  Sides 
of  the  two  Bafes  is  68  ;  and  this  multiplied  bv  72.03, 
the  flant  Height  of  the  Sides,  gives  4898  04  Inches. 
To  the  Sum  of  thcfe  two  add  the  Areas  of  the  two 
Bafes,  608,  and  360;  their  Sum  is  7885.12  Inches, 
-which,  being  divided  by  144,  gives  54.75  for  the 
ttiioJe  fuperiicial  Content. 
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*ito  meafure  a  Cylindroid;  that  is,  a 
Frufium  of  a  Cone^  having  its  B of es  -pa- 
rallel to  each  other ,  but  unlike, 

rv^^    R  U  L  E. 

TO  the  Icngeft  Diameter  of  the  greater  Bafe,  add 
hslf  the  longeft  Diameter  of  the  lefTer  Bafe, 
add  multiply  the  6 urn  by  the  fliortell  Diameter  of 
the  greater  Bafe,  and  rcferve  the  Produdl. 

Then,  to  the  longeft  Diameter  of  the  Xt^Qv  Bafe, 
and  half  the  longeft  Diameter  of  the  greater  Bafe, 
and  multiply  the  ^\im  by  the  ihorteft  Diameter  of 
the  lefter  Bafe,  and  add  the  Produift  of  the  former  re- 
ferved  Sum,  and  that  Sum  will  be  the  triple  Square 
iDf  a  mean  Diameter  i  which  multiplied  by  .7854,  and 

that  Produdl  multi- 
plied by  a  third  Part 
of  the  Height,  the 
Produdl  is  the  folid 
Content. 

£,v^/;/.LetABCD 
be  a  Cylindroid, 
whofe  bottom  Bafe 
is  an  Oval,  the  tranf- 
verfe  Diameter  be- 
ing 44.  Inches ;  and 
the  conjugate  Dia- 
meter 14  Inches  ; 
and  the  upper  Bafe 
is  a  Circle,  of  which 
the  Diameter  is  z6 
Inches  ;  and  the 
jj Height  of  the  Fruf- 
tum  is  9  Feet ;  the 
Solidity  is  required. 
To 44  (the greater 
Diameter  of  the  low- 
er Bafe)  add  13  (half 

the 
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the  Diameter  of  the  Icfler  Bafe,  the  Sum  is  57; 
which  multiplied  by  14  (the  conjugate  Diameter  of 
the  greater  Bafe)  the  Pjodud  is  798  ;  which  referve. 
Then  to  26  (the  Diameter  of  the  Iclfcr  Bafe)  add  22 
(half  the  tranfverfe  Diameter  of  the  greater  Bafe),  and 
the  Sum  \^  48  ;  which  mulelplicd  by  26  (the  Diameter 
of  the  lefT-r  Bafe),  the  Trodud  is  1248  ;  to  which  add 
the  former  referved  Produdl,  the  Sum  is  2046;  which, 
niuitiplied  by  .7854,  the  Produd  is  1606.9284  ;  which 
multiplied  by  3  (a  third  Part  of  the  Height),  the  IVo- 
duifl  is  4820.7852;  which  divided  by  144,  the  (^o« 
tient  is  33.47  Feet,  the  folid  Content.  See  the  Work. 
44=CD  261ZAB 

i3izhalfAB  22=halfCD 

57   Sum.  48  Sum. 

i4=EF  26=:AB 


228  2SS 

57  9^ 


798   Product  Fcfcrved.  1248 

798  add. 


2046 


1606.9284 
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144)^820  7^li2(33.47 
500 
1118 


J 10 

^  This 
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This  Rule  being  the  fame  as  that  in  the  lafl  Sedion, 
the  Proof  of  that  may  ferve  as  a  fuHicient  Proof  of  this, 
if  what  has  been  before  written  be  well  ccnfidered. 

^0  find  the  fuperfcial  Content. 

To  the  Periphery  of  the  Elllpfis  91.106,*  add  tlie 
Periphery  of  the  Circle  8i.6h'2,  and  the  Sum  is 
172.788  ;  the  Half,  86  394,  luultiplicd  by  9,  the  Pro- 
du<ft  IS  777,546;  which  divided  by  12,  the  Q^uoiient  is 
64,.8  Fee:,  the  curve  Surface:  1  hen  the  Area  of  tlie 
Ellipfis  is  3.36  Feet,  and  the  Area  of  the  Circle  is  3.69 
Feet;  both  which  added  to  the  curve  Surface,  the  Sum 
is  71.85  ^QQiy  the  whole  fupejficial  Content. 

§  XI.    Cf  a  Sphere  i/r  Globe. 

A  Sphere,  or  Globe,  is  a  round  folid  Body,  ^vtry 
Part  of  its  Surface  being  equally  dillant  from  a 
Point  within,  called  its  Center;  and  it  may  be  con- 
ceived to  be  formed  by  the  Revolution  of  a  Semicircle 
round  its  Diameter.     To  find  its  Solidity,  this  is 

The     V.  \3  L  E. 

1.  Multiply  the  Axis,  or  Diameter,  into  the  Cir- 
cumference, the  Producl  is  the  fuperficiai  Content  ; 
which  multiplied  by  a  fixth  Part  of  the  Axis,  the  Pro- 
dud  is  the  Soliciity. 

2.  Or  thus :  As  21  is  to  1 1 ,  fo  is  the  Cube  of  the 
Axis  to  the  folid  Content. 

3.  Or,  as  1  is  to  5236,  ^o  is  the  Cube  of  the  Axis 
to  the  fjlid  '  o'Uent. 

*  "^i  hi  Pi^.iiphery  oi  an  illiplis  ib  touna  jicaily  by  rnuit. plying 
h all"  the  Sum  ox  the  two  Diameterb  oy  3.1416, 

Example, 


.Sj 
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Example.  Let 
A  BCD  l)ea  Globe, 
ihe  Axh  of  whicli 
is  20  Inches,  tiicrj 
the  Circumf.  uiil 
be  62. 83 2  :  Aiv-l, 
by  the  lirll  Rui.?, 
multipiy  tlie  Cir- 
cumtercnce  by  tlie 
Axi"^,  and  the  Pro- 
duiflwillbe  i  250.^4, 
\vhi».h  is  the  lupcr- 
fici:il  Content  in 
Inches ;  take  a  fuih 
Purt  of  this,  which  is  209.44.,  (becaufe  an  exavSl  fixth 
Pare  of  20  c.'innoc  betaken),  multiply  thit  fixth  Part 
by  20  (the  A.^is),  and  the  i'roJud  is4i8B.8,  the  So- 
lidity in  Inches.  Or,  if  you  fnuUipiy  the  fuperficial 
Content  by  the   Axis,   and    tuike  a  fixih  Part  of  the 


Or  thus,  by  the  fjcond  Rule: 

The  Cube  of  the  Axis  is  8000  :  this  multiplied  by 
II,  the  Prod u£l  is  88000.;  which  being  divided, by 
21,  the  Qaotient  is  4190.47,  the  Solidity. 

Or,  by  the  third  Rule  : 

If  the  Cube  of  the  Axis  be  multiplied  by  .52^6, 
the  Produd  is  4188.8,  the  Solidity,  the  fame  as  by 
the  firll  Way.  If  you  divide  4188.8  by  1728,  the 
Quotient  is  2.424  Feet. 

See  the  Work. 
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62. S32 
20 


6)1256.640  the  fuperiicia]  Content. 
209.44  a  fixth  Part. 

2Q 


4188.80  the  Sofidity  in  Inches. 


21    :   II    :  :   8000 
II 


21)88000(419047  the  Content. 
40 
.  190 
100 
160 


13 


I  ;  .5236  :  :  8000 
8ooo 


1728)4188.8000(2.424  Feet,  the  Solidity. 

7328 
4.60 
7040 


128 


Note,  If  the  Axis  of  a  Globe  be  1,  the  Solidity  wiH 
be  .5236;  and  if  the  Circumference  be  1 ,  the  Solidity 
>vill  be  .016887. 
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By  Scale  and  ^^ompajes. 

Extend  the  CompdlTe?  from  i  to  20  (^he  Axis),  that 
Extent  (turned  three  time.^  ov-r  f.om  5236),  will  at 
the  lalt  fall  upon  4168.8,  the  folid  Content  in  liches: 
Or,  ex'cnd  the  Lompaffe.  Iroin  172S  to  8000  (-he 
Cube  of  the  Axis)  that  lixient  .ill  reach  from  .5236 
to  2.424,  the  folid  Content  in  Feet. 

Extend  the  Comp:ifl>s  from  i  to  20  (':he  Axis),  that 
Extent  (turned  tv^'ice  over  f  om  ^.1416),  will  at  lall 
fall  upon  1256  64,  the  fuperficial  Contep';:  in  Inches: 
Or,  extend  the  Coinpaires  from  144  to  400  (the 
Squ.ire  of  thj  Axis),  that  Extent  will  reach  from 
3  1416  to  8  -ji,  the  fuperficial  Content  in  Feet. 

Demonfiratio'n,  Every  Sphere  is  equal  to  a  Cone, 
whoic  perf.end'cu'ar  Axis  is  the  Radius  of  the  Sphere, 
and  its  Bafe  a  Plane  equ  il  to  all  the  Surface  of  it. 

For  you  may  conceive  the  Sphere  to  coniift  ot  an 
infinite  Number  of  Cones,  u  hofe  Bafes,  taken  alto- 
getlipr,  compofe  the  Surface,  and  whofe  Vertexes 
meet  altogether  in  tiie  Center  of  the  Sphere:  Hence 
the  Solidity  :>f  ti-e  Sphere  will  be  gained,  by  multi- 
plying itj  Surface  by  \  of  its  iladius. 

Let  the  Square 
ABC  D,  the  Qua- 
drant  CBD,  ana  the 
right-angled  i'rian- 
gle  ABD,  b;  fupp..>f- 
ed  all  three  to  n.  v:  Ive 
round  the  Line  BD 
as  an  Axis  :  Then 
will  the  Square  ^ene- 
ra;e  a  Cylinutr,  tr-e 
Quadrant  a  Hemi- 
fphere,  and  the  Tr.i- 
anL:le  a  Cone,  all  of 
the  lame  Bdfe  and  Ahicude. 


K 


Then 
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Then  the  Square  of  EH  {—  n  FD)  =:  n  FH  -f 
D  DH  (butPHzzGH).  And  fince  Circles  are  as  the 
Squares  of  their  Diameters  (by  Euclid  12.  2-)  the 
Circle  made  by  the  Revolution  of  FH  muil  be  equal 
to  both  the  Circles  made  by  the  Motions  of  FH  and 
GH. 

If  you  take  the  Circle  made  by  the  Revolution  of 
EH  from  both,  there  will  remain  the  Circle  made  by 
the  Motion  of  GH,  equal  to  the  Ring  defcribed  by  the 
Motion  of  EF.  And  thus  it  will  ..Kvays  be,  where- 
ever  you  draw  the  Line  EH  or  IM,  i^c. 

Therefore  the  Aggregate,  or  Sum,  of  all  the  Rings, 
made  by  the  Revolution  of  the  EF*5,  muft  be  equal 
to  that  of  all  the  Circlc-s  made  by  the  Motion  of  the 
GH's ;  i.e.  the  Difli-like  folid,  formed  by  the  revolv- 
ing Rings,  will  be  equal  to  the  Cone,  formed  by  the 
Revoluti(m  of  the  GH's,  which  are  the  Elements  of 
the  Triangle  ABD  ;  that  is,  the  Diili-like  Solid  will 
be  as  the  Cone,  ■=-  of  the  circumfcribing  Cylinder, 
and  confequently  the  Hemifphere  muft  be  ^  of  it ; 
Wherefore  the  Sphere  is  -|  of  the  c.rcumlcribing 
Cylinder. 

Let  ihe  Pvadius  of  the  Sphere  be  rzzCD,  then  the 
Diameter  will  be  2  r,  let  the  Surface  of  the  Sphere, 
generated  by  the  revolving  Semicircle,  be  called  S-, 
and  that  of  the  Cylinder,  formed  by  the  Revolution  of 
2  ACznirzr.  the  Diameter,  be  called/.  Wherefore  in 
what  was  juil  now  proved,  the  ExprelTion  for  the  Soli- 

dity  of  the  Siohere  in  this  Notation  will  be ;  and 

putting  c  equal  to  ihe  Circumference  of  the  Bafe,  or 
for  the  Periphery  of  a  great  Circle  of  the  Sphere,  the 

curve  Surface  of  the  Cylinder  will  be   2  yc,  alfo — 

2 

will  be  the  Area  of  a   great  Circle   (by  Se<fl.  IX.    of 

Chap.  L  Prob.   1.)  and  this  multiplied  by  zr,  makes 

rr€  ;  which  is  the  Solidity  of  the  Cylinder,  by  Scd.  V. 

of  this  Ch;5Dter.    Now,  fince/was  put  equalto  zrczz 

8  i)x^ 
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rf 
the   Curve  Surface  cf  the    Cylinder:  —    (by  fubai- 

2 

tuting  /  for  irc)  will  be  alfo  zr  the  Solidity  of 
the  Cylinder.      Now,  lince  the  Sphere  is  r:  \  of  the 

rS         2  Xy;-  .        rS        2/r  _     /r 

Cylinder,  —  — ;    that  is,.  —  1=  — —  — • 

33X2  ^  f>  3 

Wherefore  r  S  =z  r/;  that  is,  dividiigby  r,  S  =:/; 
or  the  Surface  of  the  Sphere  is  equal  to  the  curve 
Surface  of  the  Cylinder,  but  the  curve  Surface  of  the 
Cylinder  was  irc. 

Wherefore,  toiind  the  Area  of  the  Surface  of  either 
Sphere  or  Cylinder,  you  mult  multiply  the  Diameter 
(n:  2  r)  by  the  Circumference  oF  a  great  Circle  of 
the  Sphere,  or  by  the   Periphery  of  the  Bufe.     From 

this   Notation  alfo  — ,  the  Area  of  a  great  Circle  of 

2 

the  Sphere,  is  plainly  \  of  zrc,  the  Surface  of  the 
Sphere  ;  that  is,  the  Surfiice  of  the  Sphere  is  Quad- 
rup'e  of  the  Area  of  the  greatcll  Circle  cf  it. 

Wherefore,  to  2;-r,  the  convex  Surface  of  the  Cy- 
linder, add  re,  the  Area  of  both  iis  Bafes,  you  will 
have  3  ;v;  which  fliews  you,  that  the  Surface  of  the 
Cylinder  (including  its  Bafe?)  is  to  the  Surface  of 
the  Sphere  as  3  to  2  ;  or  that  the  Sphere  is  -|  of  the 
circumfcribing  Cylinder,  in  Area  as  well  as  iiolidity. 

Or  you  may  prove  the  Sphere  to  be  |  of  the  Cylin- 
der of  the  fame  Bafe  and  Altitude,  by  Lemma  VI. 
aforegoing,  thus : 

Let  AGB  reprefent  the  He- 
mifphere,   and  AlKB   half  the 
Cylinder;   then,    if  the   Semi- -^ 
diameter  GH  be  divided  into  lix     j-n^^ 
equal  Parts,  and  Lines  be  drawn 
parallel  to  AB,   the  Diameter,   C^L 
the  Squares  of  :he  Scmichords, 
ab,  cd,  ef,  ISc.    will  be  a  Series  of  Number?,  whofe 
greateft  Term  AH  is  a  fg^uare  Njmber,  the  other 

differing 
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differing  by  odd  Numbers  ;  that  is,  AHU  36,  kl  31J, 
gh  32,  ei  2j,  cd  20,  ab  II  ;  But  an  infiniie  Series 
of  fuch  Numbers  are  in  Proportion  to  the  ii  finite 
Number  of  Terms,  all  equ^l  to  the  greatell,  as  z  to  3. 
And  becaufe  the  Hemifphere  is  compoied  of  an  infi- 
nite Number  of  Circles,  vvhofe  Diameters  are  the 
Chords  of  tie  Semicircle;  and  the  Half-Cylinder  is 
compofed  of  an  infinite  Number  of  Circles,  whofe 
Diameters  are  all  equal  to  the  Diameter  of  the  Semi- 
circles AB  ;  therefore  the  Hemifphere  is  in  Propor- 
tion to  the  Half-Cylinder  as  z  to  3  ;  and  confequently 
the  whole  Sphere  bears  the  fame  Proportion  to  the 
whole  Cylinder. 

That  the  Superfcies  of  every  Sphere  {or  Globe)  is  equal  to 
four  times  the  Area  cf  its  g  reateji  Circle ^  is  thus  pro-ved : 

The  Solidity  of  the  Sphere  is  conftituted  of  an  in- 
finite Number  of  parallel  Circles  (as  is  aforefaid)  ; 
confequently  the  Superficies  of  the  Sphere  will  be 
compoied  of  the  Peripheries  of  thofe  Circles  which 
conftitute  ics  Solidity. 

}^otCi  In  the  following  Demonftration,  0  fignifies 
any  Circle  in  general  ;  and  if  any  two  Letters  be 
joined  to  it,  thus,  0  AB,  l^ c.  then  it  denotes  the 
Area  of  fuch  a  Circle  as  thofe  two  Letters  reprefent 
the  Radius  of. 


Let 
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Let  DrrTS,   the  Axis  of  any  Sphere;  then,  ac- 
cording to  the  Property  of  a  Circle,  it 

wiil  be        "^      '~ 

that  is, 
therefore 

For 


and 


{ 


,|D-— Tbx  Tbrr  Dab; 
2|Dx  Tb— DTb-Diib 
D  xTb—  n  aT. 


4  D  Ab-f-  nTbziDaT  {Eucl.  1.  47.) 

5DxciT:r:neT. 

6DxTfzrDyT. 

Hence  it  is  evident,  that  the  Series  D  aT,  D  eT, 
DyT,  i^c.  are  in  the  fame  Ratio  with  Tb,  Td,  Tf, 
^f.  'uiz.  in  arithmetical  Progreirion  :  Whence  it  fol- 
lows, that  the  0«Ti=:  to  the  Sum  of  all  the  Circles 
Peripheries  between  T  and  b. 

And  OeTzz  the  Sum  of  all  the  Circles  Peripheries 
between  T  and  d,  l5c, 

Confequently,  that  the  O  ATn  the  Sum  of  all  the 
Circles  Peripheries,  included  between  T  and  C  ;  that 
is,  G  ATzz  the  Superficies  of  the  Hemifphere. 

And  becaufe  n  AC-f  qTCiz  p  AT,  and  qAC  is 
equal  to  dTCj  therefore  O  A'l"  — 2  G  AC,  is  the 
Superficies  of  the  Hemii'phcre. 

Conkquently,  4  G  AC  will  b?  the  Superficies  of 
the  whole  Sphere.     Which  was  to  be  proved. 


Scholium* 
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From  the  Method  here  ufed  In  proving  the  whole 
Superiicies,  it  will  be  eafy  to  find  the  ct»rve  Superfi- 
cies of  any  Fruftum,  or  Part  of  a  Sphere,  that  is  cut 
off  by  a  Right  Line  or  Plane  ;  "ji'z.  fuch  as  the  Fruf- 
tum  aTm  in  the  lait  Scheme,  the  curve  Superficies  of 
which  is  QaT,  as  above.  Therefore  (becaufe  nab 
-4-nTbiznaT)  it  will  be  O  ab-f  O  Tb::=  the  curve 
Superficies  of  that  Fruftum. 

But  if  the  Axis  TS,  and  the  Height  Tb  of  the  Fruf- 
tum, are  giv^t  ,  then  it  wil!  be  TS  x  Tb  ztl  d  aT, 
as  in  the  1  hird  St.-p  above  ;  which  gives  the  Propor- 
tion or  Theorem  following  ;  'vis. . 

As  the  Axis  cf  the  Sphere  is  to  the  whole  Super- 
ficies of  that  Sphere,  {o  is  the  Height  of  any  Fruftum 
to  its  curve  Superficies. 

To  which  if  there  be  added  the  Area  of  the  Fruf- 
tum's  Bafe,  the  Sum  will  be  the  whole  Superficies  of 
the  Fruflum. 

Tl>ai  the  Solidify  of  e'very  Sphere  is   T'vjo-thirds  of  its 
circumjcrihing  Cylinder,  may  be  thus  proved. 

According  to  the  Work  above,  it  appears  that 
Gab>  Ged,  Gyf>  ^^'  ^^  conltitute  the  Solidity  of 
the  Sphere;  and  that   oaT,    oeT,    DyT,  ^c.  are 

a  Series  of  Terms  in  a- 
rithmetical  Progreflion, 
□  AT  being  the  great- 
eft  Term,  and  TC  the 
Number  of  Terms ; 
therefore  ©  ATxfTC 
zz  the  Sum  of  all  the 
Series,  by  Lemma  2. 
And  becaufe  n  aT— - 

nTb^o^'-b.  D  eT — 
aTdnned.  □  yT — 
oTfczayf.  dAT— 
Q  TC  =  a  AC,  ^c, 

in 
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in  which  D  Tb,  n  Td,  n  Tf,  ISjc  arc  a  Series  of 
Squares,  whole  Roots  T  b,  Td,  'if,  arc  in  arithmeti- 
cal i-'rogreffi'.n  ;  D  fC  being  rhe  grex'e(^  Term,  and 
TC  the  Number  of  Terms ;  therciore  G  TCxjTC 
zz  the  Sum  of  all  tlie  S-ries,  by  Lemma  ill. 

Conlequently,  ©  A  P  x  |  T  C— 0  TC  X  jTC  = 
the  Sum  of  all  the  Sjrie.  O  ab,  ©  ed,  ©  yf,  i^c, 
which  conltituto  the  Solidity  -f  rhe  Half  I'phere  ATG. 
Put  D  — zlC,  the  Axis  of  the  bphere;  then  |  Dii: 
|TC,  .mJ  ^i3--}l'C.  Andbecaufe  n  A  i^zrzQ  FC, 
therefore  ©  A  rzz2©TC 3=1.5 708  DD;  ^"^  1-5708 
DDxiD=:o.3927DDD. 

Again;  ©  TC  X  10^=0.7854  DD  x^D~  .  1309 
DDD,  then  0.3927  DDD— 0.1309  DDDzro.2618 
DDD,  the  Solidity  of  the  Half-fphere. 

Corifquently,  0.2618  DDD  X  2  =  . 5  236  DDD  will 
be  the  fohd  Content  of  the  whole  Sphere,  which  is 
equal  to  j  of  the  Cylinder;  the  Diumeter  of  whofe 
Bafe,  and  Height,  are  eich  =  D. 

For  0.7S54  DDD=:  »he  Solidity  of  the  Cylinder, 
by  Sea.  V.  But  |  of  0.7854  DDD=o. 5236  DDD, 
as  before. 


Schoii 


lum. 


From  this  Demonftration  it  will  be  eafy  to  deduce, 
or  raife  Theorems  for  finUing  the  foftd  Content  of  any 
Frultum  uf  a  Sphere;    ,s  a  Tm,  in  ihe  laft  Figure. 

For  we  ihere  fuppofe  the  Frullum  aTm  to  be  con- 
(lituted  of  an  infinit(  Series  of  Circles,  which  jiave 
the  lame  Ratio  with  all  th ofe  Circles  that  confiitute 
the  Half-fphere. 

Therefore  it  follows,  that  ©  aT  X  f  Tb— ©  bT 
XjTb,  will  be  the  Svim  of  all  the  Circles  intercepted 
between  T  an  J  b  j  conlequently  it  will  be  the  Solidity 
of   hat  Frullum. 

Ai^d,  becaufe  n  ^b  -f  D  TbnraT  ;  therefore  ©  ab 
-f  O  .  b  X  i  rb-— O'J'b  .  }Tbz:the  Soliuity.  Let 
fizab  hah  the  Dian:eter  of  the  Fj  uftum's  Bafe,  hiz. 
Tb  its  Height;  and  Srz.hc  Solidity  of  the  Fruftum. 
Then  ©  ab=:3.i4i6rr,  and  ©  1  b=:3. 1-416 /^/6  ;    on- 

fequently. 
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Jequently,     ^ — ~ ^-^ — ^- ^ — ^- ~  S. 

Which,  being  reduced,  will  become  ^cch-^-  hhh  'K 
0.5236=1:8;  which  is  one  Theorem  for  finding  the 
Solidity  oF  the  Fruilum,  and  may  be  exprefled  in 
Words,  til  us  : 

If  to  three  times  the  Square  of  the  Semidiameter 
cf  the  Fruilum's  Bafe,  you  add  the  Square  of  the 
Height  of  the  Fruftum,  and  multiply  the  Sum  by  the 
Height  of  the  Fruftum,  and' that  Produdl  multiplied 
by  -5236,  the  Product  will  be  the  folid  Content. 

But  if  the  Axis  of  the  Sphere,"  and  the  Height  of 
the  Fruftum,  be  given  ;  then  put  Dzzthe  Axis,  hzz 
the  Height  of  the  FiuHujti,   and-r  as  before;  it  will 

.be  D  —  h   X  hir.  cc,  'viz.     Y)h  —  hh  zz.  cc.     7'hen 

will    3  ^^hh  —  zhhh  =r  ych  -{-   hhh  ;     confequently, 

3  Dkb — liohh  y.  05  2361=8,  the  Fruilum's  Solidity: 
Which  is  another  Theorem  for  finding  the  Solidity 
oi  the  Fruftum,  and  may  be  exprcfted  in  Words, 
thus  : 

From  three  times  the  Axis  fubtrad  twice  the 
Height  cf  the  Fruflum,  and  multiply  the  Remainder 
by  the  Square  of  the  Height,  and  that  Produdl  mul- 
tiply by  .5236,  this  laft;  Product  will  be  the  Solidity 
of  the  truftam. 


Example.  Let  ABCD  be 
the  Fruftum  of  a  Sphere ; 
fuppofe  A  B  (the  Diameter 
of  the  Fruftum's  Bafe)  be 
16  Inches,  and  CD  (the 
Height)  4  Inches  ;  the  So- 
lidity is  required. 


E 


By 


Chap.  2.      Menjuration  of  Solids,  193 

By  the  firll  Rule. 
8 
8 

64  Square  of  the  Semidiamcter  AD, 
3 

192 

\6  add  the  Square  of  CD. 

208 
4  multiply  by  CD. 

832  .5236 

832 

1 047  2 

41888 


435'6352 
By  the  fecond  Rule,  thus*: 

Firll,   by  the  Rule  in  Page  115,  you  will  iind  tKe 
Axis  of  the  whole  Globe  to  be  20  Inches. 

20  Axis#  -5236 

3  S32 


From      60  10472 

Subtr.      8  twice  CD.  15 70S 

—  •'  41888 
Rem.      52 


:uit.    16  Sq.  of  CD.  435.6352 1  [J;^  [^^; 


Mult.     ,6Sc.ofCD.  ^.c.6.c2-!!-^f^;^ 


312 
52 

Prod.    832 

S  And, 
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And,    if  it  be  required   to  find  the   middle  Part, 
^mNK,  ufually  called  the  middle  Zone. 


Then,  bccaufe  it  is 
fuppofed  that  a  m  zi: 
NK,  or  (which  is  all 
cne)  that  b  C  z=  CB  ; 
therefore  it  is  plain, 
that  if  twice  the  Sep-- 
ment,  aTm,  be  taken 
from  the  whole  Sphere, 
there  will  remain  the 
middle  Zone  am  NK. 


But  beca-ufe  the  V/ork  is  a  little  troublefome,  i 
will  here  fliew  how  to  raife  a  Theorem  for  the 
doing  it : 

Fii-ft,  becaufe  AC  ==  yC  =:  eC  ~aC  zzTC  ;   there- 
fore it  will  be  n  A  C  ~  d  C  f  ~  a  y  f ,  d  A  C  — 
D  C  d  —  n  ed,  a  A  C  —  n  Cb  ~  p  ab,  ^c. 

Here  becaufe  n  A  C,  n  AC,  n  A  C,  l^c.  are  a 
Series  of  Equals,  and  Cb  the  Number  of  all  the 
7erms ;  therefore  n  A  CxCbiz  the  Sum  of  all  that 
Series  (/^r  Lemma  i.) 

And  D  Cf,  □  Cd,  D  Cb,  l^c.  being'  a  Series  of 
Squares,  whofe  Roots  are  in  arithmetical  Progreilion, 
beginning  at  the  Center,  C;  njiz..  o,  C  f ,  Cci,  Cb, 
l3c.  wherein  the  greatell  Term  is  n  Cb,  and  the 
In  umber  of  Terms  is  C  b  ;  therefore  D  Cbx|Cbzz 
the  Sum  of  ail  the  Series  (/£>/•  Lemma  111.) 

Confequently,  the  oACxCb —  oCbx^Cb 
n:  the  Sum  of  all  the  Series  O  yf,  Q  ed,  G  ?'1^>  ^^' 
which  do  conftitute  the  Solidity  of  the  half  Zone 
»in  A  G . 


And 
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And   becaufe   n  AC  —  Cbzz  d  ab;     theref^i': 
0  AC  — OabzzOCb.  Conrcquciuly  Q  A  C  X  C  o 

GAC+0.ibxCb_  ^  Q  AC+©ab  X  J  Cl> 

:> 
\\\\\  be  the  Solidity  of  the  half  Zone. 

Put  D  zz  AG  zz  2  AC,  .Yzzam,   andH=:bB~ 

2  Cb. 

Then  0  AC=.7854DD,  Q  ab  r=  .7854a-,v.  And 
if  we  turn  the  common  Faftor  .7854  into  the  Divifor 
1.2732^,  and  then  take  the  triple  of  that  Divifor  ; 
njiz.  3.8197,  the  Refult  of  the  preceding  Work  will 
produce  the  following  Theorem. 

{zT>V>-\xx  n    the   middle   Zone 

l    3.8197  J  am.Nl... 

Which  in  Words  is  thus  :  To  twice  the  Square  of 
the  Axis  AG,  add  the  Square  of  the  Diameter  of  the 
Fruftum*s  Bafe  (am),  divide  the  Sum  by  3.8197, 
then  multiply  the  Quotient  by  the  Height  or  I'hick- 
nefs  of  the  middle  Zone,  and  the  Product  will  be  the 
Solidity  of  the  middle  Zone  required. 

-    This  is  fo  plain  and  e^^Yy  ^^^^  ^^  needs  no  Ex- 
imple. 


s  2  s  ^i^- 

r 


• 
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t 

§  XII,    Of  a  Spheroid. 


A 


Spheroid  is  a  Solid  refembling  an  Egg.    To  find 
the  fi'lid  Content  of  it,  this  is 

The    R  U  L  E. 


Multiply  the  Square  of  the  Diameter  of  the  great- 
eft  Circle  by  the  Length,  snd  that  Produft  multiply 
again  by  5236  ;  this  lalt  Produdl  will  be  the  Solidity 
of  the  Spheroid. 


Let  AB,  the  Diameter  of  the 
grcateft  Circle,  be  33  Inches,  and 
CD  (the  Length)  55  Inches,  the 
Solidity  is  retjuired. 


33 

59S95 

33 

.5236 

99 

359370 

99 

179685 

1 19790 

1089 

299475 

55 

31361.0220 

5445 

5445 

5989s 


Demen- 
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Demonjiraiion,  Even'  Spheroid  is  equal  to  *  of  a 
Cylinder,  vvhofe  Bafe  is  etiual  to  the  greatcil  Circle  of 
the'  Spheroid,  and  its 
Height    equal    to     the 


Length  of  the  Spheriod. 


Suppofe  the  Figure 
NTnSN,  in  the  annexed 
Scheme,  to  rcprefent  a 
Spheroid,  formed  by  the 
Rotation  of  the  Semi- 
EUipfis  TNS,  about  its 
tranfy-erfe  Axis  TS. 

Let  D  zz  T  S,  the 
Leng'.h  of  the  Spheroid, 
and  the  Axis  of  the  circumfcribing  Sphere  ;  and  </=: 
Nn,  the  Diameter  of  the  greatelt  Circle  of  the  Sphe- 
roid : 

Then,  becaufe  nTC:DNC::nAb:nab, 
by  Sea,  XV.  Step,  3.  Page  125. 

Therefore  it  will  be,  D  D  :  ^^  :  :  D  A  b  :  D  a  b. 
But  the  Sum  of  an  infinite  Series  of  fuch  Circles  as 
O  Ab  (vvhofe  Diameters  are  Chords)  do  conftitute  the 
Solidity  of  the  Sphere.      (By  Sea,  XI.) 

And  the  Sum  of  an  infinite  Series  of  fnch  Circles  as 
O  ab  {^'uivc,  whofe  Diameters  are  Ordinates  of  the 
Eilipfis)  do  conilitute  the  Solidity  of  the  Spheroid. 

'Therefore,  V>V>  \  d d  ',  '.  0.5236  D  D  D  :  0.5236 
"Ddd-zi  the  Solidity  of  the  Spheroid.      {Eucl.  5.  12  ) 

But  0.5236  Ddd-=i  h  of  the  Cylinder,  whofe  Dia- 
meter is  zzd,  and  Height  izD.      (By  Sea.  V.) 

Now,  from  this  Proportion,  between  the  Sphere  and 
its  infcribed  Spheroid,  it  will  be  very  enfy  to  deduce 
Theorems  for  finding  the  folid  Content,  either  of  the 
Fruilum  or  middle  Zone  of  any  Spheroid  ;  having  the 
fame  Height  with  that  of  the  Sph?re  ;   for. 

As  the  Solidity  of  the  whole  Sphere  is  to  the  Soli- 
dity of  the  whole  Spheroid,  fo  is  any  Pure  of  the 
Sph'v'rc  to  the  like  Part  of  the  Spheroid. 


Sj 


As 
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As  for  Inftance  :  Suppofe  it  was  required  to  find  the 
middle  Zone  of  any  Spheroid. 

Let  D=:TS,  and  ^— Nn,  as  above;  and  HzzbB, 
A-rzAM,  and  rizam. 

Then    \  ~ —  X  Hi=  the  middle  Zone  of  the 

L    3.8.97 

2DE)  I  XX 
Sphere.  Ando.i;2q6  DDD  :o.c2^6^^D  : : < 

^  ^  3-8197 

__  iddK     X  X  d  d  H 

X  H : 1 — prpr  =  the  middle  Zone  of  the 

3.8197^3.819700 

Spheroid. 

Again,  DD  '.  ddw  xx\  cc.    Therefore-— —-zzff, 

_      -  ,     xxdd         H  cc  __   ,^^,  ,  , 

Confeq  uently,-7r7r  X  — =  — r x  H :  Which 

^         ^    DD     3.8197     3.8197 

XX  d  d  I  J. 

"being  taken  inftead  of — 7—^-,  there  will  arife  the 

3.8197DD 


following  Theorem  -j 


2dd-\-cc 


:  X  H  z=   the  middle 


3-8197 
Zone  of  the  Spheroid, 

Notey  That  3.8197  zz  1.2732  X  3.     See  Page  103,, 


§  XIII,    Of  a  Paraholic  Conoid. 

A  Parabolic  Conoid  is  fomething  like  a  half  Sphe- 
roid, having  its  Sides  foiuevvhat  firaiter.  It  is 
generated  by  fuppoiing  a  Semi- parabola  turned  about 
its  Axis.     To  find  the  folid  Content  of  it,  this  is 

The    R  U  L  E. 

Multiply  the  Square  of  the  Diameter  of  Its  Bafe  by 
.7854,  and  multiply  that  Produdl  by  half  the  Height, 
that  lalt  Produ(^  ihall  be  the  folid  Content. 

Let 


Chap.  2.     Menfuration  of  Solids. 


199 


I.et  A  B  C  D  be  a 

Parabolic  Conoid,  the 
Diameter  of  its  Bafe 
36  Inches,  and  its 
Height, CD,  33  Inches; 
the  bolidity  is  required. 


.7854 

1296 

47124 

70686 

5708 

7854 


IOI7.8784 

33 

»  i* 

30536352 
30536352 

2)335^9-9872 


1017.8784  16794.9936 

1728)16794.9936(9.719  Feet,  the  Content* 

15552 


12429 

12096 

3339 
1728 

161 13 

15552 


561 

Demonfiration.  The  Parabolic  Conoid  is  confli- 
tuted  of  an  infinite  Number  of  Circles,  vvhofe  Dia- 
meters arc  the  Ordinates  of  the  Parabolh.  Now,  ac- 
cording to  the  Property  of  every  Parabola,  it  will  be, 

S  A  :  A  B   ;  :  A  B  :  -"..  .  -  —  L,  the  Ictus  Reaum, 


bA 


Thca 


200 
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5  rSaxLrznba, 

Then -^  SexLnnfe, 

t  Sy  xLzingy,  ^c. 
HereSAxL,Se  xL,SyxL, 
i^c.   are  a  Series  of  Terms  in 
arithmet.  ProsreiT.     Therefore 


□  b  a,   D  f  e,   n  g  y,  ^c,  arc 

alfo   a  Series  of  Terms  in  the 

fame     ProgreiTion,     beginning 

at  the  Point  S,  wherein    a  AB 

is  the  greatefl:  Term,  and  S  A,  the  Number  of  all  the 

Terms.     Therefore  nAB  x|SAr=the  Sum  of  all 

the  Series.     (By  Lemma  II.) 

Confequently,  O  A  B  X  |:  S  A  n  the  Sum  of  all  the 

Series  of  O  ba,  Q  fe,  G  gy>  ^c.  which  conllitute 

the  Solidity  of  the  Conoid, 

PutD  ~  2AB,  and  H  =  S  A. 

7'hen  .7854  DD  X  |H  =:  .3927  DDH  will  be  the 

folid  Content  cf  the   Conoid;  which  is  juft  half  the 

Cylinder,  whofe  Bafe  is  ~  D,  and  Height  n  H. 

This   being  rightly   underftocd,   it  v/ill  be  cafy  to 

raife  a  Theorem  for  finding  the  lower  Frullum  of  any 

Parabolic  Conoid. 

For,  fupponng  h  zz  a  A,  the  Height  of  the  Fruilum, 

and  p  zz  6a,  the  Height  of  the   Part  bS  b  cut  off, 

and  /3  4- /  Z2  S  A,  the   Height  of  the  whole  Co- 

laoid, 

^                 GABxH+oABx/       ,     _  .... 
L-oriiequently,- ■ zz  the  Solidity 

c  cf  the  whole  Conoid. 


And 


Obax/ 


rz  the  Solidity 


la 


B' 


**••*•*««"?;..«»' 


of  the  Part  cut  off. 


Therefore 


Therefore 
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r  o  ARx/'+qADx  p —  Qh^xp 

Lis  the  Solidity  of  the  Frullurn. 
/j  +  />  :  D  A  B  :  :  />  :  D  b  a 
h  +p  :  O  AB  :  :  ;)  :  O  ba 
OABx^:=z0baX/^+GbaX/r 
OAB  X;>0;>bax  —  Q  h:x  X  /j 

roABx/j'+oABx/— Oba 

\  X  /  =  2  F. 

O  AB  X  /jzn  zF — O  ba  X  ^* 

G  AB  X  /?  +  Gbax/^=2F. 

'OAB-I-Oba.       „      ,      _     - 


But 
Confer]. 

4— Obax/5 


1  X  2 

6— : 


7+ObaXh 
8-2 


:>7 
8 


^turn's  Solidity.. 


Let  D  =:  2  AB,  as  before,  and  ^=:  2  ba,  the  Di- 
ameter of  the  Part  cut  off;  then  we  (hall  have  the 
following  Theorem. 

0.3927  DD  -f  0.3927  c/^:  X  h  "zz  the  Solidity  of 
the  Fruitum  required  ;   Which  in  Words  is  thus : 

Multiply  the  Sum  of  the  Squares  of  the  greater  and 
lefler  Diameters  by  .3927,  and  the  Product  by  the 
Height  of  the  Fruftum,  the  laft  Produft  fhall  be  the 
folid  Content. 

§  XIV.    Of  a  Faraholic  Spindle, 

IF  an  acute  Parabola  be  fuppofed  to  be  moved 
about  its  greatell  Ordinate,  it  will  form  a  Solid^ 
called  a  Parabolic  Spindle.  To  find  the  folid  Con- 
tent, this  is 


rh 
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The     RULE. 

Multiply  the  Square  of  the  Diameter  of  its  greateft 
Circle  by  ,41888  (being  t\  of  .7854.)  and  that  Produd- 
hy  Its  Length  ;   that  lait  Produtl  is  the  fjlid  Content. 

Let  ABCD  be  a  Parabolic  Soindle,  whofe  <>reateil 
Diam-'-ter  CD  is  36  Inches,  and  its  Length  AB  99 
Inches  'y   the  Solidity  is  required^ 


36=:CD 
36 


.41888 
1296 


21O         251328 
108         27699,2 

83776 

12^6  Sq^uare,  41888 

542.86848 
99 


488581632 
488581632 


J'72S)53743.97952(3i'ioi84 


1903 

3»79 
6912 


Tlie  folid  Content  is  31.10184  Feet* 


Dmiori' 
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DemonJ} ration.  A  Parabolic  Spindle  is  conllituted 
of  on  infinite  Series  of  Circles,  whole  Diameters  are 
all  parallel  to  the  Axis  of  the  Parabola,  as  O  Dia» 
G  ne,  Q  py,  l^c 

Let  us  fuppofe  the  Line  Sd  parallel  to  AB,  if^c. 
Then  It  hath  already  b.-cn  proved,  that  the  Lines  fm, 
gn,  hp,  C5V. 

are    a     Series  _-4^— -j^^—— ^^    ^       ^ 

of     Squares,  ^^"^  vil 

whofe    Roots 
are   in    arith- 
metical   Pre-  ^ 
greinon,  con- 

fequently  their  Square?,  ^iz.  d  fm,  n  gn,  □  h  p, 
t^c.  will  be  a  Serivis  of  Biquadrntes,  whofe  Roots  will 
be  in  aritiin^etical  Progreilion :  Which  being  ]lremif- 
ed,  we  may  proceed  thus: 


^  y 


Firil 

.1   ©-  2 

2  ©'  2 

3  ©^  2 


S  A  —  fm  ~  m  a. 
S  A  —  g  n  n  n  e. 


S  A  —  ii  p  =  P  }'. 
a  S  A  —  2  S  A  X  f  m  4-  □  f  m  r=  d  m  a. 
aSA  —  2SA  Xgn  -fngnzznne. 
qSA  —  2SA  xhp-f  c  hp—  npy, i^c. 


1.  In  thefc  Equations,  the  n  SA,  n  SA,  D  S  A, 
being  a  Series  oF  Equals,  and  A  B  the  Number  of  all 
the  Terms;  therefore  it  will  be  n  SA  X  A  D  =:  the 
Suni  of  the  Series.     By  Lemma  L 

2.  Becaufe    fm,    gn,    h  p,    l^c.    are    a   Series   of 
Squares,  wherein  S  A  is  the  greateft  Term,   and  AB 
the  Number  of  all  the  Terms. 


Therefore 


2  S  A  X  s  A  X  A  B     2  n  S  A  X  .\  B 


3  3 

the  Sum  of  the  Series.     (By  Lemma  ill.) 


will  be 


3.  And 
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^  3.  And  the  D  fm,  n  gn,  n  hp,  ^<r.  will  be  a  Se- 
ries of  Terms  in  the  Ratio  of  Biquadrates,  as  above; 
n  S  A  being  the  greateit  Term,  and  A  B  the  Number 

of  all  th&  Terms,     Therefore  it  will  be 

zz  the  Sum  of  all  the  Scries.     (By  Lemma  V.) 

Whence  it  follows  that  n  SA  x  AB— ^-^A^Ji:^ 

3 

jL.. zz.  the  Sum  of  all  the  Series  of  □  ma, 

5 
one,  D  py,  cff''. 

^,       .     8nSAxAB       ,     .         r   n   i.    o    • 
That  IS, z=  the  Sum  of  all  the  Series 

n  ma,  n  ne,  n  py,  l5c.  Confequently, — 

=  the  Sum  of  all  the  Series  of  Circles,  G  rna,  G  ne, 
G  pyj  ^c,  which  conllitute  the  Solidity  of  half  the 
Spindle;  1;/%.  of  SAB. 

Therefore  putting  D=2SA,  and  HnzAB,  it  will 
be  0.41888  DDHzi  the  Solidity  of  the  whole  Para- 
bolic Spindle  bSB,  being  -^  j  of  0.7854  DDH,  the 
Solidity  of  its  cjrcumfcribing  Cylinder. 

From  hence  we  may  alfo  raife  a  Theorem  for  find- 
ing the  Fruftum,  S  A  py,  of  the  laft  Figure. 

For  G  SA  being  the  greateil  Term,  G  py  the 
leaft  Term,  and  Ay  the  Number  of  all  the  Terms  or 
Circles  included  between  A  and  y; 


Therefore, 
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There- 
fore 


I    X    3 

z~  Ay 
But 
3—4 
5  +  Cffr. 

Confeq. 


.5 

z  the  Sum  of  all  the  Series,  D  S  A,  a 

ma,   D  en,  p  py. .  

3  D  S  A  — 2  S  A  X  hp-f  LBilf  X  A  y  =  3  z 

5 

33DSA-2SAxhp-f  1^^=-^ 

5  Ay 

D  SA — zSAxhpzznpy — u^^>perSt,6, 

z  u  SA  +  LBilil=A^-npy+nhp. 
5  Ay 

2  n  S  A  +  D  p  y — -1 —  n  h  p  "=-— 

Ay 

2  O  ^  A  +  O  py  — I  O  hp:  x  j  Ay=:z, 
the  Sum  of  all  the  Series  of  O  SA,  Gnia,  One,  Opy ; 
which  conllitute  the  Solidity  of  the  Fruftum  S  Apy. 
Therefore  putting  D  zz  2S  A,  as  before,  C  =  2  py, 
;v  z=  2  hp,  and  H  ~  Ay  ;  it  will  be  1.5708  D  D  -f 
.7854  CC — XX  :  X  }  H  =  the  Frultum  SApy. 
And  if  we  moke  L  zz  2  H,  then  1.5708  DD  +  .7854 
C  C  — ,7^\^\6  XX  :  X  -ii^zz:  the  Double  of  that  Fruf- 
tum,  being  the  middle  Zone.  Which  in  Words  is 
thus : 


Multiply  the  Square  of  the  greatcH  Diameter  by 
1.5708,  and  multiply  the  Square  of  the  lelTer  Dia- 
meter by  .7854,  and  multiply  the  Square  of  the  Dif- 
ference of  the  Diameters  by  .314.16;  from  the  Sjm 
of  the  two  former  Products  iubtradt  the  latter  Produd, 
and  multiply  the  Remainder  by  onfe-third  Part  of  the 
Length,  and  that  Produdl  will  be  the  Solidity  of  the 
middle  Zone  required. 


CHAP. 


2c6  T'he  Menfuration  of        Part  IL 

C  H  A  P;    III. 

Of  the  Meafuring  the  Works  of  the  fever al 
Artificers  relating  to  Building ;  and  what 
.  Methods  and  Cuflonis  are  ohferved  in  do- 
ing it, 

•90090030000  009309000000  0904  oeoe«ecoooosooo7eoooooooeoeooMeoooo?coooooao(!eooopo»ooc  0009 


§1.    0/ Carpenters  V/ork. 

THE  Carpenters  Works,  which  are  meafurable, 
are  Flooring,  Partitioning,  and  Roofing  ;  all 
which  are  rneafured  by  the  Square  of  lo  Feet  long, 
and  10  Feet  broad  ;  fo  that  one  Square  contains  lOO 
Square  Feet. 

I .     Of  Flooring, 

If  a  VlpfiThe  57  Feet  3  Inches  long,  and  28  Feet 
6  Inches  broad  ;  How  many  Squares  of  Flooring  are 
th^^ijn'  that  Room  f 

Multiply   57  Feet  3  Inches  by  28  Feet  6   Inches, 

and  the   Produd  is  1631  Feet,  &c.   which  divide  by 

^   100  (this  is  dene   by   cutting  from   the  Produft   two 

Figures  towards  the  Right-hand,  with  a  Dafli  of  the 

Pen) ;  and  the  remaining  Figures  are  the  Quotient, 

5  and 
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and  the  Figures  cut  oiF  are  Feet :  T'hus,  163  i  divided 
by  100,  by  cutting  ofF  31  from  the  Kigiu-h.md  of 
it,  the  Quotient  is  16  Squares,  and  the  31  cut  ofF  is 
31  Feet. 

See  the  Work  both  by  Decimals,  and  alfo  by  Feet; 
and  Inches. 

57.25  F.    I. 

28.5 


SI 

3 

28 

6 

456 

11  + 

29> 

/ 

6 

7 

0 

0 

28625 

45  Boo 
11450 
II  ■   ■       III 

16I31.625 

16131     7     6 
Facit  16  Sc^uares  and  31  Feet. 

Note,  That  5  is  the  Decimal  for  half  of  any  thing, 
.25 'is  the  Decimal  for  a  Quarter,  and  .125  is  the 
Decimal  for  half  a  Quarter;  fo  in  the  laft  Example, 
,25  is  the  Decimal  of  3  Inches,  becaufe  3  Inches  is  a 
Quarter  of  a  Foot ;  and  5  is  the  Decii^al  of  6  Inches, 
becaufe  6  Inches  is  half  a  Foot, 

Example  2.  Let  a  Floor  be  i^t.  Feet  6  Inches  long, 
and  47  Feet  9  Inches  broad  ;  How  many  Squares  are 
contained  in  that  Floor? 

47.75  F.     I. 

53  5  S3     6 


2387 


47     9 


> 


14325  371 

23875  212 


26     9 


25I54.625.  13     4     6 

23     6 


25I54     7     6 
Facit  25  Squares  and  54  Feet. 

-  T    2  Sy 
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By  Scale  and  Compajfes^ 

In  the  lirft  Example,  extend  the  CompaiTes  from 
1  to  28.5,  that  Extent  will  reach  from  57.25  t©  16 
Squares  and  near  a  third  Part. 

In  the  fecond  Example,  extend  the  CompaiTes  from 
1  to  47.5,  that  Extent  will  reach  from  53.5  to  25 
b'quares  and  above  a  Half. 

I .   Of  Partitzon'ing* 

Example  I.  If  a  Partition  between  Rooms  be  in 
Length  82  Feet  6  Inches,  and  in  Height  12  Feet  3 
inches;  How  many  Squares  are  contained  therein? 

The  Length  and  Breadth  being  multiplied  together, 
the  Produd  is  1010.625  ;  which  dlviaed  by  100  (as 
before  is  fhewed)  and  the  Anfwer  is  jo  Squares  lO 
Feet;  the  Inches  or  Parts,  in  thefe  Cafes,  are  cf  no 
Value. 

12.25  F.     I. 

82  5  82    6 

12     3 


6125 


2450  990    o 

9800  20     7 


10I10.625  icjio     7     6 

Facit  10  Squares  10  Feet. 

Example  2.  If  a  Partition  between  Rooms  be  in 
Length  91  Feet  9  Inches,  and  its  Breadth  11  Feet  3 
Inches;  How  many  Squares  arc  contained  in  it? 

The  Length  and  Breadth  being  multiplied  together, 
the  Product  is  1032  Feet ;  which  divided  by  100,  the 
Anfv\er  will  be  10  Squares  and  32  Feet. 


91-75 
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91.75  F.  I. 
11.25           9^  9 
II  3 


45875  

18350  IC09  3 
9175  22  II  3 

9175  


10|32       2       3 


IOI32.1875 

3.      Of  Roojing, 

It  is  a  Rule  amongft  Workmen,  that  the  Flat  of 
any  Houfe,  and  half  the  Flat  thereof,  taken  within 
the  Wall?,  is  equal  .to  the  Meafure  of  the  P.oof  of 
the  fame  Houfe  ;  but  this  is  when  the  Roof  is  true 
pitched :  For  if  the  Roof  be  more  flat  or  ftecp  than 
the  true  Pitch,  it  will  meafure  to  more  or  lefs  ac- 
cordingly. 

Example  i.  If  a  Houfe  within  the  Walls  be  44.  Feet 
6  Inches  long,  and  18  Feet  3  Inches  broad;  How 
many  Squares  of  Roofing  will  cover  that  Houfe? 

Multiply  the  Length  and  Breadth  together,  and  the 
Produdl  is  812  Feet,  the  Flat;  the  naif  of  this  is 
406  Feet ;  which  added  to  the  Flat,  the  Sum  is  i  2  1 8 
Feet ;  which  divided  by  100,  the  Anfwer  is  1 2  Squares 
and  18  Feet, 


18.25 
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18.25 


F. 

I. 

44 

6 

18 

3 

zs.^ 

44 

n 

I 

6 

9 

0 

0 

The  Flat 

812 

I 

6 

The  Half 

1 

406 

445 

7300 
7300 

Flat        812.125 
Half      406 

m  ■ 

12]  18 

Sum  12I18 
Facit  12  Squares  18  Feet» 

By  Scale  and  Compajfes, 

In  the  iirft  Example  of  Partitioning,  extend  the 
Cora pafTes  from  i  to  12.25,  that  Extent  will  reach 
from  82.5  to  10  Squares  and  One  Tenth. 

In  the  fecond  Examp'e,  extend  the  Compafles  from 
J  to  11.25,  that  Extent  will  reach  from  91.75  to  10 
Squares,  and  a  little  lefs  than  a  third  Part. 

Jn  the  Example  of  Roofing  extend  the  Compafles 
from  I  to  18.25,  ^^^^  Extent  will  reach  from  44.5  to 
812,  the  Flat;  to  which  add  the  Half  thereof,  and 
the  Sum  is  12.18;  which  is  12  Squares  18  Feet,  as 
.above. 

There  are  other  Works  about  a  Building,  done  by 
the  Carpenter,  which  are  meafured  by  the  Foot,  run- 
ning Meafure,  that  is,  by  the  Number  of  Feet  in 
Length  only;  as  Cornices,  Doors  and  Cafes,  Win- 
dow-frames, Guttering,  Lintels,  Sommers,  Skirt- 
board  j,  Cffr. 

Note  I.     In  the  Meafuring  of  Flooring,  after  you 

have  meafured  the  whole  Floor,  you  mufl  dedu<^  out 

of  it  the  Well-holes  for  the  Stairs  and  Chimnies ;  and 

in  Partitioning,  for  the  Doors,  Windows,  i^c.  except 

(by  Agreement)  they  are  to  be  included. 

Noti 
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Note  2.  \\\  mcafiiring  of  Roofing,  feldom  any  Re- 
duiftions  are  made  for  tnc  Holes  for  th'J  Chimney- 
fhafcs,  the  Vacancies  for  Lu:heien-lights  and  bky- 
lights  ;  for  they  are  more  Trouble  to  the  Workman 
than  the  StufT  which  would  cover  thenv  is  worth. 

§11,    0/ Bricklayers  Work. 


T 


H  E  princij)al  is  Tiling,  Walling,  and  Chimney- 
work. 

1.     Of  Tiling, 


Tiling  is  meafurcd  by  the  Square  of  100  Feet,  as 
Flooring,  Partitioning,  and  Roofing  were  in  the  Car- 
penters Work  ;  fo  that  between  the  Roofing  and  Tile- 
ing,  the  Difference  will  not  be  much  ;  yet  the  Tiling 
will  be  the  moft  ;  for  the  Bricklayers  fometinies  will 
require  to  have  double  Meafure  for  Hips  and  Vallies* 
Wnen  G otters  are  allowed  double  Meafure,  the  Way 
is  to  meafure  the  Length  along  the  Ridge-tile,  and  by 
that  Means  the  Meafure  of  the  Gutters  becomes 
double  ;  it  is  ufual  alfo  to  allow  double  Meafure  at  the 
Eaves,  fo  much  as  the  Projedlor  is  over  the  Plate, 
which  is  commonly  about  18  or  20  Inches. 

Example  i.  There  is  a  Roof  covered  with  Tiles, 
whofe  Depth  on  both  Sides  (with  the  ufual  Allowance 
at  the  Eaves)  is  37  Feet  3  Inches,  and  the  Length  45 
Feet  J  I  demand  how  many  Squares  of  Tiling  are 
contained  therein  I 


F.  r. 
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F.  I.  37.25 

37  3  45 

45  o  " 

■  18625 

185  149CO 

148 


II     3  16I76.25 


16I76     3 
Anfwcr,  16  Squares  76  Feet. 

Example  2.  There  is  a  Roof  covered  with  Tiles, 
whofe  Depth  on  both  Sides  (with  the  Allowance  at 
the  Eaves)  is  35  Feet  9  Inches,  and  the  Length  43 
Feet  6  Inches ;  I  demand  how  many  Squares  of  Tile- 
ing  are  in  the  Roof? 


F. 

I. 

43 

6 

37.75 

35 

9 

43-5 

215 

17875 

129 

10725 

21 
10 

17 

9 
10 

6 

6 

1430Q 

1555-^25 

'5155     I     6 

Here  the  Length  and  Depth  being  multiplied  to- 
gether, the  Produft  is  1555  Feet;  which  divided  by 
j,oo  (as  before  is  taught)  the  Arifwer  is  15  Squares 
and  55  Feet. 

By  Scale  and  Compajfes, 

In  the  firft  Example,  extend  the  CompafTes  from  i 
to  37.25,  that  Extent  will  reach  from  45  to  16  Squares, 
and  a  little  above  three  Quarters  of  a  Square. 

Ill 
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In  the  fecond  Example,  extend  tl)c  CompafTes  from 
1  to  35.75,  that  Extinit  will  reach  from  43.5  tcr  1^ 
Squares  and  55  Feet;  that  is,  a  liule  above  a  Halr- 
f(|uare. 

2.     0/  Walling. 

Bricklayers  commonly  meafurc  their  Work  by  the 
Rod  Square  of  16  Feet  and  a  half;  fo  that  one  Rod 
in  Length,  and  one  in  Breadth,  contain  272.25  Square 
PY-et ;  for  165,  multiplied  irftoiifelf,  produces  272.25 
Square  Feet.  But  in  fome  Places  the  Cullom  is  to 
allow  18  Feet  to  the  Rod  ;  that  is,  324  Square  Feet. 
And  in  fome  Places  the  ufual  Way  is,  to  meafure  by 
the  Rod  of  21  Feet  long  and  3  Feet  high,  that  is,  O5 
Square  Feet ;  and  here  they  never  regard  the  Thick- 
ncfs  of  the  Wall,  but  the  ufual  Way  is  to  moderate 
the  Price  according  to  the  Thicknefs. 

When  yoii  meafure  a  Piece  of  Brick-work,  the  firfl: 
thing  is  to  enquire  by  which  of  thofe  Ways  it  muil  be 
meatured  ;  then,  having  multiplied  the  Length  and 
Breadth  in  Feet  together,  divide  the  Produdl  by  the 
proper  Divifor,  either  for  Rods  or  Roods,  and  the  Quo- 
tient is  Square  Rods,  or  Square  Roods,  accordingly. 

But  commonly  Brick-walls,  that  are  meafured  by 
the  Rod,  are  to  be  reduced  to  a  Standard-thicknefs  ; 
fix.  of  a  Brick  and  a  half  thick  (if  it  be  not  agreed 
on  the  contrary) ;  and  to  reduce  a  Wall  to  Standard- 
thicknefs,  this  is 

The    RULE. 

Multiply  the  Number  of  fuperficial  Feet  that  are 
found  to  be  contained  in  any  \Vall  by  the  Number  of 
Half-bricks  which  that  Wall  is  in  Thicknefs  ;  one 
third  Part  of  that  Prouudfliall  be  the  Content  in  I'eet, 
reduced  to  the  Standard-thicknefs  of  one  Brick  and 
a  half. 

Examph 
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Example  i.  If  a  Wall  be  72  Feet  6  Inches  long, 
and  19  Feet  3  Inches  high,  and  5  Bricks  and  a  half 
thick  ;  How  many  Rods  of  Brick- wo;  k  are  contained 
therein,  when  reduced  to  the  Standard  i* 

19.25   Height. 
72.5  Length. 

9625 
3850 

'3475 

1395.625 

1  X 


3)i535J'^7S 


272.25)  5!  17.2^-1  (18  Rods* 


mtmfmmmm^ 


239479 

68.06)21679(3  Quarters  cf  a  Rods 

f  2.61 

Anfvvef,  18  Rods  3  Quarters  12  Feet. 


F,  I, 
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F.    I. 

72     6 

»9     3 


648 
72 
iS     1     6 
960 

J395     7     ^ 
1 1 

5)15351    10     6 

272)51 17(18  Rods. 

2397 


68)221(3   Quarters  of  a  Rod. 

17 
A'(5/^,  That  60.06  is  one-fourth  Part  of  272.25. 

A'o/f  -j?^^.  That  in  reducing  of  Feet  into  Rods, 
they  ufually  leje^Sl  the  odd  Parts,  and  divide  cnly  by 
-272,  as  is  done  in  the  fecond  Way  of  the  lall  Ex- 
ample ;  fo  the  Anfvver,  by  the  fecond  Way,  is  18 
Rods  3  Quarters  and  17  Feet;  more  by  about  4^-  Feet 
than  by  tne  Uril  Way,  where  it  is  done  decimally  ;  a 
thing  \cry  infigniiicanr. 


Fxaffj//c 
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Example  2.  If  a  Wall  be  245  Feet  9  Inches  long, 
16  Feet  6  Inches  high,  and  two  Bricks  and  a  half 
thick  J  I  demand  how  many  Rods  of  Brick-work 
are  contained  in  it,  when  reduced  to  Standard- 
Thicknefs  P 

245.75 
16.5 

122875 
147450 

24575 


4054.875 
5 


3)20270 


272)6756(24  Rods^ 
1316 


68)228(3  Quarters  of  a  Rt3d, 

24 
Anfvver,  24  Rods  3  Quarters  24  Feet. 

F.     I. 


245 

9 

16 

6 

1470 

245 

122 

10 

6' 

12 

0 

Q 

4054  10    6  Anfwer  in  Feet, 


Befo-rc 
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Before  I  fhew  how  to  work  the  two  lafl  Examples 
by  Scale  and  Compares,  I  will  (hew  how  to  find  pro- 
per Divifors  to  facilitate  the  Operation  ;  becauTe  it 
would  be  too  intricate  and  tedious  to  perform  by  Scale 
and  CornpHifcs,  according  to  the  Rule  above  taught. 

"To  Jind  proper  Divifors, 

Divide  3  (the  Number  of  Half-bricks  in  i|),  by 
the  Number  of  Half- bricks  in  theThicknefs,  the  Qno- 
tient  will  be  a  Divifor,  which  '.vill  give  the  Anfwer  iii 
Feet.  But  if  you  would  have  a  Divifor  to  bring  the 
/\nfvverin  Rods  at  once,  then  multiply  272.25  by  the 
Divilbr  found  for  Feet,  and  the  Produd  will  be  a  Di- 
vifor, which  will  give  the  AnfA'er  in  Rods. 

Example.  Let  it  be  required  to  find  a  Divifor  pro- 
per to  reduce  a  Wall  of  three  Bricks  thick. 

Divide  3  by  6  (the  Half-bricks  in  the  Thickncfs) 
aad-  the  Quotient  is  .5,  which  is  a  Divifor  that  will  give 
the  AnAvcr  in  Feet.  Tnen  multiply  272  25  by  .5, 
and  the  Produdl  is  136.1.25,  the  Divifor,  which  will 
give  tine  Anfwer  in  Rods;  that  is,  as  136.125  is  to 
the  Length  of  the  Wall,  fo  is  the  Height  to  the  Con- 
tent in  Rods.  Or,  as  .5  is  to  the  Length,  fo  is  the 
Height  to  the  Content  in  Feet. 

Aker  the  fame  Manner, you  may  fin<l  Divifors  for 
any  Qtlici,-.Thicknefs,  which  you  u-ilj'  fisid  to  b.i"as  ex- 
pcelife'd  ,in  the  foUowing  little  Table. 


.J  )i:. 


^  The 


2l8 
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TheThicknefs 
of  the  Wall. 


1  Brick  thick 
ifBrick  thick 

2  Bricks  thick 
2|Bricks  thick 

3  Bricks  thick 
3|Bricks  thick 
4.  Bricks  thick 


Divilors 
for  the 
Anfwer 
in  Feet. 


75 
6 

S 

4285 

375 


Divilors 
for  bringing 
the  Anlvver 

in  Rods. 


4<^^-375 

272.25 

204.1875 

»6j.35 
136.125 

1 16.659 

102.0937 


Let  the  fecond  Example,  aforegoing,  be  wrought 
by  Scale  and  CompafTes,  where  the  Length  is  245.75, 
the  Height  \6,^y  and  the  Thicknels  2£  Bricks, 

Extend  the  Coinpaffes  from  163.35  (the  tabular 
Number  againft  2\  Bricks,)  to  245.75  '  ^^^^^  Extent 
will  reach  from  16.5  to  24  Rods  and  8  Tenths. 

Again,  if  the  Length  be  75  Feet  6  Inches,  and  the 
Height  18  Feet  9  Inches,  at  3I;  Bricks  thick;  How 
many  Rods  are  contained  therein  .? 

Extend  the  CompaiTes  from  116.659  (the  tabular 
Number)  to  18.75,  that  Extent  will  reach  from  75.5 
to  12.13,  that  is,  12  Rods  and  a  little  above  half  a 
Quarter. 

Jt  will  be  very  proper  and  commodious,  for  fuch 
as  have  frequent  Occafion  to  nieafure  Brick-work,  to 
have  in  the  Line  of  Numbers  little  Brafs  Center-pins 
at  each  of  the  Numbers  in  the  third  Column  of  the 
above  little  Table,  with  a  Figure  to  denote  the  Thick- 
ncfs  of  the  Wall. 


If 
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If  a  Wall  be  104  Feet  9  Inches  long,  and  17  Feet  3 
Inches  high  ;   How  many  Rods  arc  contained  in  it? 

104.. 75  F.      1. 

17.25  10+     9 

17     3 


r  "7  *>  "7  r 

20950 

73325 
10+75 


728 

104. 

26 

2 

3 

12 

9 

0 

43)1806.9375(28 

126  1806  II 

Anfwer,  28  Rods  42  Feet. 


546 
504. 


42 

Notty  That  fuch  as  dig  Cellars,  frequently  make 
them  by  the  Floor,  18  Feet  fquare,  and  a  Foot  deep, 
being  a  Floor  of  Earth  ;   that  is  324folid  Feet. 

3.      Of  Chimnics. 

If  you  are  to  meafure  a  Chimney  Handing  alone  by 
itfelf,  without  any  Party-wall  being  adjoined,  then 
girt  it  aboat  for  rhe  Length,  and  the  Height  of  the 
{>l017  is  the  Breadth  ;  the  Fhicknels  mull  be  the  fame 
as  the  Jambs  are  ci,  provided  that  the  Chimney  be 
wrought  rprioht  frons  the  Mantle-tree  to  the  Cieling, 
rot  deducting  any  thing  for  the  Vacancy  between  the 
Floor  (or  Hearth)  and  thr  Mantle-tree,  becaufe  of  the 
"Gatherings  of  the  Br.-aft  and  Wings,  to  make  room 
ioi  the  Hearth  in  the  Story. 

Jf  the  Chimney-back  b"  a  Party-wall,  and  the  Wall 
be  meafured  by  itfjf,  then  you  mull  meafure  the 
Depth  of  the  two  J.imbs,  and  the  Length  of  the  Breall 
for  a  Length,  and  the  Ileightof  the  Story  the  Breadth, 
at  the  fameThicknefs  your  Jambs  were  of. 

When  you  meafure  Chimney-fliafts,  girt  them 
with  a  Line  round  about  the  leall  Place  of  them,  for 

U  2  the 
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the  Lengtn,  and  the  Height  fhall  be  tlie  Breadth  : 
And  ifthey.be  four  Inch-work,  then  you  muft  fee 
down  their  T'hicknefs  atone  Brick- work;  but  if 
they  be  wrought  9  Inches  thick  (as  fometiraes  they 
are,  when  they  ilaiid  high  and  alone  above  the  Roof,) 
then  you  muil  account  your  Thicknefs  \\  Brick,  in 
Conlideration  of  V/idths  and  Pargetting,  and  l^iouble 
in  Scaffolding. 

Jt   is  cullomary,  in    mofl   Places,   10  allow   double 
IMeafure  for  Chimnies. 


Exatnplc,  Sup- 
pofe  this  Figure, 
/.BCDEFGHIK, 
to  be  a  Chimney 
that  hath  ti  double 
Tunnel  towards 
:]  a 
double^iiaii,  an4 
is  to  'be  hiea'^ 
according  r- 
ble  Mealii.  ,. 

Firft,  I  begin 
Vvith  the"  ErealL-' 
.wall  IE,  and  the 
two  .Angles  LK 
and  Hi,  wh-ch  to- 
gahtr  are  18  Feet 
rj  Inches;  then 
take  the  He'ght  of 
the  Squire  HF,  12 
Feet  6  Inches  ; 
which  multiplied 
toget'ner,  produce 
234  Feet  4  Inches 
.6  -  Parts,  for  the 
Content  of  the  Fi- 
ouie  FGHK. 


;:;!  it,— r—T-H,  );;■;; 


1;    I  ;>  ^1 


/ 


m^ 


. . ,. .^jrTn 


G 


rziT-T.T 


T— T -T-r-T— T-IIIS.!)-*! 


';•    --L'-j— T-*— i"'     •      V  T-*— f-'— T—*— 


H-'^^~^~7^jj 


H      L 


L.   K 


For 
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For  the  Square  DaKb,  the  Length  of  the  Breaft- 
will  r.nd  two  Angles,  is  14  Feet  6  Inches,  anJ  the 
Height  X^i  9  Feet ;  which  multiplied  together,  make 
130  Feet  6  Inches,  for  the  Content  cf  the  Part  DaEb.. 

Then  the  Height  of  the  next  Square  7  Feet,  and 
the  Length  of  the  Breafl-wall  and  two  Angles  is  10 
Feet  3  Inches ;  which  multiplied  together,  produceth 
71  Feet  9  Inche.,  for  the  Content  of  the  Square 
BcCd. 

I'he  Compafs  of  the  Chimney-fliaf:s  is  13  Feet  9 
Incli;2S,  and  the  Height  6  Feet  6  Inches;  whicli 
multiplied  together,  mnke  89  Feet  4  Inches  6  PartSy 
the  Content  of  the  Shafts. 

The  Depth  of  the  middle  Fetter,  that  parts  the- 
Funnels,  is  *  1 2  Feet,  and  its  Widenefs  1  Foot  jf 
Inches ;  which  multiplied  together,  make  15  Feet,  for 
the  Content. 

The  Work. 

F.   I.  13.75 

18     9  12.5 

12      6  ■ 

9375 


225     o  375^ 

946  1875 


FGHK  234    4    6  FGHK  2.34.375, 


F. 

L 

14 

6 

9 

0 

DaEb  130 

6 

F. 

I. 

10 

3 

7 

0 

BcCd    71 

9 

14.5 

9 


DaEb  130.5 


10.25 


BcCd  71.75. 
U  3  F.  L 
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F. 

1. 

13 

9 

82 

6 

6 

10 

6 

t  89 

4 

6 

F. 

I. 

I 

3 

12 

0 

13- 

75 

6 

•5 

68 

75 

825 

D 

TheSh 

aft  89.375 

I. 

25 
12 

TheF< 

:tter 

15- 

00 

F. 

I. 

P. 

FGHK 

234 

4 

6 

DaEb 

130 

6 

0 

BcCd 

71 

9 

0 

The  Shaft 

89 

4 

6 

The  Fetter 

IS 

0 

0 

The  Sum 

541- 

0 

0 

The  Fetter  15     o 

272)1082(3   Rods. 
68)   266(3   Quarters. 
Rem.    62  Feet. 


The  Double   IC82     o     o 

riavin'''  added  the  five  Produfls  together,  and 
doubled  the  Sum,  that  double  Sum  is  the  Content  of 
the  Chimney  in  Feet,  according  to  double  or  cuftom- 
ary  Meafure  ;  which  Feet  mull:  be  reduced  to  Rods, 
as  was  fliewed  before. 

So  the  Feet  in  the  foregoing  Example  being  reduced 
to  Rods  (the  Thicknefs  being  fuppofsd  i{  Brick)  it 
makes  3  Rods  3  Quarters  and  62  Feet  j"  "that  is^  4 
Rods  wanting  6  Feet. 

This  is  all  he  Meafure  that  can  be  allowed,  when 
tKe  Chimney  (lands  in  a  Gavel  or  Side-wall ;  in  which 
Cafe  the  Back  of  the  Chimney  (here  nor  meafured) 
is  accounted  as  Fart  of  the  Gave)  ;  but  if  the  Chim- 
lites  Itand   by  thsrafelves,  as  all  Stacks  of  Chimaies 

8  in 
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in  ^reat  Buildings  do,  in  fuch  Cafe,  it  is  all  Chimney- 
work,  and  thtrerore  ought  lo  be  meafurcd  double  on 
all  Sides. 

§111.    Oy  Plasterers  JVork, 

THE  Plaflercrs  Woiks  are  principally  of  two 
Kinds  ;  namely,  i.  Works  lathed  and  pl.iltered, 
which  they  call  Cieiing.  2.  Vv^orks  rendered  ;  vvhicli- 
are  of  two  Kind?  ;  'u'lz.  upon  Brick-walls,  or  between 
Quarters,  in  the  Partitions  between  Rooms:  All  which, 
are  meafured  by  the  Yard-fquare,  or  Square  of  3 
Feet,  which  is  9  Feet. 

I .    Of  deling. 

If  a  Cieiing  be  59  Feet  9  Inches  long,  and  24  Feet 
6  Inches  broad;  How  many  Yards  doth  that  Cieiing 
contain  ? 

Multiply  59  Feet  9  Inches  by  24  Feet  6  Inches, 
and  the  Produs^l  is  1463  Feet  10  Inches  6  Parts  5 
which  divided  by  9,  the  Quotient  is  162  Yards  5 
Feet. 


5975 

24.5 


F. 

I. 

59 
2  + 

I 

236 

118 

29 

10 

6 

iS 

0 

0 

29875 

"239CO 

11950 

"         '        "  m 

9)1463.875 

J463   10     6  ^nfwer     162.65 
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By  Scale  and  Cojnpajfes, 

Extend  the  Compafles  from  9  to  59  Feet  9  Inches, 
that  Ex'ent  will  reach  from  24  Feet  6  Inches  to 
162.5  Yards. 

2.      0/  Rerideringi, 

> 

Example.  If  the  Partitions  between  Rooms  be  14.1 
Feet  6  Inches  about,  and  1 1  Feet  3  Inches  high  ;  How 
niauy  Yards  are  in  thofe  Partitions: 

Multiply  141  Feet  6  Inches  by  i  i  Feet  3  Inches, 
and  the  FroduiSl  is  1591  Feet  10  Inches  6  Parts; 
which  divided  by  9,  gives    176  Yards  7  Feet,   the 


141.5; 
1 1.25 


Anfwer. 

F. 

1. 

141 

6 

1 1 

3 

1556 

6 

35 

4 

6 

9)1591 

10 

6 

7075 

2830 

1415 
1415 


Anfwer  176     7  9)^591-875. 

176.87 
Anfwer,  176.87  Yards* 

Extend.the  CompaiTes  from  9  to  14 1.5,  that  Extent 
will  reach,  from  11.25  to  176.87  Yards. 

Note  I.  If  there  be  any  Doors,  Windows,  or  the 
like,  in  your  Partitioning, you  mull  make  Dedudions 
for  them. 

Note  2.  When  you  meafure  Renderingr  upon  Brick- 
walls,  yoaare  to  make  no  Dediidions  ;  but  when  you. 
meafure  Rendering  between  Quarters,  you  may  very 
well  deducT:  one  fifth  Part  for  the  Quarters,  Braces,, 
and  InterHices. 

Ncii 
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Nc/e  3.  Thiu  Vvhirin^  and  Colouring  are  both 
meafured  by  the  Yard,  as  Cieling  and  .Rendering 
;Were  ;  and,  as  in  Rendering  between  Qn.irrcrs,  yoa 
deduct  one  tihh  i'art,  lb  in  Whiting  and  Colouring 
vou  muft  add  one  ff>urth  or  one  iifcii  Part  at  Ic'alt,  fur 
the  Projections  of  the  Qvjariering,  8cc. 

e»oo  MOO  0009  oooaosoocooooooo  0000  coi'Obooosocicoooooosoosoooc^  0000  seoooooosoocxooioosoow 

§  IV.     0/  JoYNERS  Work, 

JOYNERS  meafure  th'^ir  Work  by  the  Yard- 
fquarej^-but  in  taking  their  DimenfiDn?,  they 
differ  from  fomc  oiherb  ;  for  they  have  a  Cuftom, 
and  fay,  IVe  ought  to  mca/ure  'v.kere  cur  Plane  touches  : 
Whtrejore  in  taking  ciie  Height  of  any  Room,  where 
ihcje  is  a  Cornice  about,  and  fwelling  Panels  and 
Mouloings,  t)iey,  with  a  String,  begin  at  the  Top, 
and  girt  over  all  the  Mou'dings ;  which  will  make  the 
Room  to  meafure  much  higher  than  it  is:  Then  for 
meafuring  about  the  Room,  they  only  take  it  as  it  is 
up^n  the  Fl(jor. 

Example  1.  If  a  Ro-Tn  or  Wainfcot  (being  girt 
downwards  over  the  IVIouldings)  be  15  Feet  9  inches 
high,  and  126  ^<:.q.i  and  3  Inches  in  Compafs:  How 
mciny  Yards  dotli  th.it  Room  contain? 

i^vIi'Uiply  the  Compafs  by  the  Height,  and  the  Pro- 
(|ud-is  19S8  Feet  5  lnche>  3  Parts;  which  divided  by 
9,  gives  220  Yards  and  8  Feet,  the  Anfwer. 


F.  I, 
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F.    I. 

126.25 

'5-75 


126 

3 

»5 

9 

630 

126 

63 

I 

6 

31 

6 

9 

3 

9 

Q 

9)1988 

5 

3 

63125 

88375 

63125 

12625 


Anfwer,  220     8 


9)1908.43-5 
220.8 
Faeh  220  Yards  8  Feet. 


Example  2.  If  a  P.oom  cf  Wainfcot  be  16  Feet  3 
inchei,  high  (being  girt  over  the  Mouldings),  and  the 
Compafs  of  the  Room  1  37  Feet  6  Inches ;  How  many 
Yards  are  contained  in  it  ? 

Multiply  137  Feet  6  Inches  by  16  Feet  3  Inches, 
and  the  Produdl  is  2234  Feet  4  Inches  6  Parts ;  which 
divided  by  9,  the  Quotient  is  248  Yards  and  2  Feec 


137.5 
J6.25 


F. 

I. 

^^l 

6 

16 

3 

830 

137 

34 

4 

6 

9)2234 

4 

6 

6875 

2750 

8250 


9)2234-375 

248       2       O  ■     • 

248.2 
Facit  248  Yards  2  Feet, 


s* 
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By  Scale  and  Compajjes, 


227 


For  the  firft  Example,  extend  the  CGmp^ir^s§"pji3n9 
10126.25,  that  Extent  will  reach  f|^|^gflbbjD  9. 

Yards.  ^BP^^V^  ^  r 

For   the   fecond  Example,  c^lffrtlie   Conr'>aircs 

from  9  to  1375,    ^^^^  Extent  vt^l   reach  from    16.25 

to  248  Yards  and  above  a  Clgjljier. 

In  Joyncrs  Work  there  is^rother  Thing  to  be  ob- 
ferved  ;  that  is,  in  the  meaf^ij^  of  Doors,  Window- 
fliutters,  and  all  fuch  V/ofP'as  Is  wrought  on  both 
Sides,  they  are  paid  for  Work  and  Half-work  ;  fo  that 
in  meafuring  ail  fuch  Work,  you  mail  firlt  find  the 
Content,  as  before,  and  tcike  half  that  Content,  and 
add  to  it;  fo  fhall  the  Sum  be  the  Content  at  Work 
and  half. 

Example.  If  the  Window-fh utters  about  a  Room 
be  69  Feet  9  fnci  es  broad,  and  6  Feet  3  Inches  high  ; 
How  many  Yards  are  contained  therein  at  Work  and 
half? 

Multiply  69  Feet  9  Inches  by  6  Feet  3  Inches,  and 
the  Product  is  435  Feet  i  i  Inches  3  Parts;  the  Half 
of  which  is  2  (  7  Feet  1 1  Inches  7  Parts ;  which  added 
together,  the  Sum  is  653  Feet  lo  Inches  10  Parts  ; 
which  divided  by  9,  the  (^lotient  is  72  Yards  6  Feet 
nearly^  the  Content  at  Work  and  half. 
F.    I. 

69     9  eg.j^ 

6     3  6.25 


418  6 

^7  5     3 

435  I  ^     3 

217  II     7 

9)653  10  10 


34S75 

13950 
41850 

435  9375 
21 7.9687 

653.9062 


72     6  nearly. 

Fncit  248  Yards  6  Feet,  nearly. 


By 
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By  Scale  and  Com^ajfts. 

E^ctend  the  Comp^  ffes  from  9  to  69.75,  ^^"*^^  Extent 
will  reach  from  6.25  to  48  4Yaids;  the  Half  of 
vhich  is  24. C2  ;  and  thefe  added  together,  make  72.6 
Yards,  the  Content  at  Work  and  haif. 

iV(3/^,_^That  you  mull:  m;ike  Dedudions  for  all  Win- 
dow-lights; butyOLimuilmeafure  the  Windo'.v-boards, 
Sopheta- boards,  and  Cheeks,  by  themfelves. 

\/ V' ■■••■■  V  ^ ••■  V'' V  ''-/V'V' \-''\-' \'" \'*"\-'' \"' *•/ \-"*  v'' \'' \"' \"* "■•.•''■•/ v''^^^^^^ 
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§  V.    0/ Painters  ^/-""^r/^. 

THE  taking  the  Dimenfions  of  Painters  Work 
,  is  the  fame  as  that  of  Joyners,  by  girting  over 
the  Mouldings  and  fwelling  Panels,  in  taking  the 
Heicrht;  and  it  is  but  Reafon  that  thev  fliould  be  paid 
forth.it  on  wl.ich  their  Time  and  Colour  are  both 
expended.  The  Dimenfions  thus  taken,  the  calling 
up,  and  reducing  Feet  into  Yards,  is  ajtogether  the 
fame  as  the  Joyners  Work  ;  but  the  Painter  never  re-, 
quires  Work  and  ha!f,  but  reckons  his  Work  cnce, 
twice,  or  thrice  coloured  over.  Only  take  Notice, 
that  Window-lights,  Windov/bars,  Cafements,  and 
fuch-jike  Things,  they  do  at  io  much  aPiece. 

Exanifle.  If  a  Room  be  painted,  vvhofe  Height 
(being  girt  over  the  Mouldings)  is  r6  Feet  6  Inches, 
and  the  Compafs  of  the  Rocm  97  Feet  9  Inches; 
How  many  Yards'are  in  that  Room,  r 

Multiply  97  Feet  9  Inches  by  16  Feet  6  Inches, 
and  ihe  Produc^t  is  1612  Feet  10  Inches  6' Parts ; 
which  being  divided  by  9,  the  C^iotient  is  179  Yards 
and  z  Feet,  nearly. 


F.  I. 
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h\    I. 

97     9  9775 

16     6  16. c 


584  48875 

98  50650 

48   10    6  9775 


9)1612   10    6  9)1612.875 

m 

J79  I  179.2 

/"<««/  1 79  Yards  2  Feet,  neiir!y. 

5y  6"^^/^  a?id  Compajfes, 

Extend  the  CompafTes  from  9  to  16.5,  that  Extent 
will  reach  from  97.75  to  179.2  Varus. 

>€><>0<'0*»0^>0<»0^vS><><S>o<SX'^>^>0<<2><«Q-*'S»<?0<>0'>0< 

§  IV.    0/  G  L  A  s  I  £  R  3  Work. 

GLASIERS  meafure  tlieir  Work  by  the  Foot 
fquare;  fo  that  the  Length  and  Brend:h  of  a 
Pane  of  Glafs  in  Feet,  being  multiplied  into  each 
other,  produceth  the  Conient. 

Note,  That  Glafiers  iifually  take  their  Dirncn- 
fions  to  a  Qaarter  of  an  Inch  ;  and  in  multiplying. 
Feet,  Inches,  and  Parts,  ihe  Inch  is  divided  into  12^ 
Parts,  as  the  Foot  is,  and  each  Fart  fubdivided  inio 
12,  l^c. 

Example.     If  a  Pane  of  Glafs   be  4   Feet  8  Inches 

and  3  Quarters  long,  and  i  Foot  4  Incites  i  Qu^r;cr 

broad  ;  How  many  Feet  of  Glafs  are  in  that  Pane  r 

T-u^  -Pk     •       1     r  r  ^  Inches  -I- 1    •     f  -7  '-0 
The  Decimal  of  <^      r     i      'i  \  ^^  \    ' 

\  4  Inches  I  J       ^.554 

X  F. 


230  ^he  Menfuration  of        Part  II. 

F.  LP.  4  729 

489  1.354 


I     4     3 


1S916  . 


489  23645 

1     6   1 1     o  Hii^Z 

1223  4,29 


6     4  10     2     3  6.403066 

Anfvver,  6  Feet  4  Inches. 

By  Scale  and  Comfa^es. 

Extend  the  CompafTes  from  i  to  1.345,  ^^^^  Extent 
will  reach  from  4.729  to  6.4  Peet,  the  Content. 

Example  2.  If  there  be  8  Panes  of  Glafs,  each  4 
Feet  7  Inches  3  Quarters  long,  and  i  Foot  5  Inches 
>  Quarter  broad  ;  How  many  Feet  of  Glafs  are  con- 
tained in  the  faid  8  Panes  ?  « 

-1  he  Decimal  of  <^  ^  t   ^,  ^   \  c  ^^  {      Z^ 

\  5  Inches  I  J       ^  .437 

4.646 

1.4.7 


F. 

I. 

P. 

4 

7 

9 

1 

5 

3 

4 

7 

9 

I 

II 

2 

9 

I 

I 

II 

3 

6 

8 

I 

8 

3 
8 

32522 

13938 

18584 
4646 

6.676302 

8 


53     5     I     6    o  53.410416 

Facit  53  Feet  5  Inches. 


^j. 


1 
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By  Scale  and  Compaffes, 

Extend  the  CornpaHes  from  i  to  1.417,  that  Kx- 
tent  will  reach  from  4.646  to  6  676  ;  tnen  extend  the 
Compares  from  i  to  8,  that  Extent  will  reach  from 
6.676  10  53-4,  the  Content. 

Example  3.  If  there  be  16  Panes  of  Glafs,  each  4 
Feet  5  Inches  and  a  half  long,  and  i  Foot  4  Inches 
3  Qua'-ters  broad  ;  How  muny  Feet  of  Glafs  are 
contained  in  them  i 

4458 
1-395 


F. 

I. 

P. 

4 

5 

6 

1 

4 

9 

4 

5 

6 

I 

5 

10 

0 

3 

4 

I 

6 

6 

2 

8 

I 

6 

4 

24 

10 

8 

6 

0 

4 

22290 
40122 

»3374 
4+58 

6.218910 
4 

24.875640 
4 

99     6  10    o    o  99.502^60 

Facit  99  Peet  6  Inches. 

Note,  That  inftead  of  multiplying  by  16,  I  have 
multiplied  by  4  twice,  becaufe  4  times  4  is  ib. 

By  Scale  and  Compajfes, 

Extend  the  Compares  from  i  to  1.395*  that  Ex- 
tent will  reach  from  4-458  to  6.219  ;  then  extend  the 
CompafTes  from  1  to  16,  that  Extent  will  reach  from 
6.219  to  99.5  Feet,  the  Content. 

NotCy  I'nac  when  Windows  have  Half-rounds  at  the 
-Top,  they  meafure  them  at  the  full  Height,  as  if  they 
"were  fquare.     Alfo  round  or  oval  Windows  are  mea- 

X  2  fured 
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fured  at  the  full  Length  and  Breadth  of  their  Diame" 
ters.  Likev/ife  Crotchet-windows  in  Stone-work  are 
all  meiifuied  by  their  full  Squares.  And  there  is 
Reafon  for  fo  doing  ^  for  the  1  rouble  in  taking  their 
Dimenfions  to  work  by,  the  Waile  of  Glafs  in  work- 
ing, and  the  Time  expended  in  fetting  up,  is  far  more 
than  the  Glafs  can  be  valued  at. 
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§  V.    Of  Masons  fFork. 

MASONS  meafare  their  Work  fometimes  by  the 
Foot  folid,  fometimes  by  the  Foot  fuperficial, 
and  in  fome  Places  they  meafure  their  Walling  by  the 
Kood,  that  is,  21  Feet  long  and  3  Feet  high,  which 
1563  fc[uare  Feet.     Examples  of  each  are  as  follow. 

Example.  If  a  Wall  be  97  Feet  5  Inches  long,  18 
Feet  3  Inches  high,  and  2  Feet  3  Inches  thick  ;  How 
many  foljd  Feet  are  ccntaijied  in  that  Wall? 


F. 

I. 

97 

5 

18 

3 

776 

97 

24 

4 

3 

6 

0 

0 

I 

6 

0 

97-417 
18.25 

487085 
194834 

779336 
97^^7 

}777 

10 

3 

2 

3 

3555 

8 

6 

444 

5 

6 

9 

1777.86025 
2.25 

888930125 

355572050 
355572050 


4000     209  4000.1855625 

Multiply 
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Multiply  tiie  Lengtii,  Height,  and  Tlilcknefs  to- 
gether, and  the  l.iil  Produ<fl  is  4000  Feet  2  inches, 
the  iolid  Feet  contained  in  ihe  Wall. 

By  Scale  and  Compajfes, 

Extend  the  CompafTes  from  i  to  18.25,  that  Ex- 
tent will  reach  from  97.417  to  1777.86;  then  extend 
from  1  to  1777.86,  that  Extent  will  reach  from  2.25 
to  4OCO.1S,  the  foiid  Content, 

'Example  2,  If  a  Wall  be  107  Feet  9  Inches  long, 
and  20  Feet  6  Inches  high;  How  many  Feet  lup-er* 
ficial  are  contained  therein? 


107.75 

20.5 


F. 

I. 

107 
20 

9 
6 

2155 

0 
10 

6 

53875 

215500 


2208   10     6  2208.875 

Facit  2208  Feet  10  Inches. 

By  Scale  and  Compajfes. 

Extend  the  CompafTes  from  i  to  107.75,  that  Ex- 
tent will  reach  from  20.5  to  2208.875,  the  fupernciiil 
Feet. 


X  3  Bxam^U 
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Example  3.  If  a  Wall  be  112  Feet  3  Inches  long, 
and  16  Feet  6  Inches  high  j  How  many  Roods  are 
ctntained  therein  ? 


112.25 
16.5 


F.    I 

.  • 

J 12 

^ 

16 

6 

676 

0 

1 12 

56 

I 

6 

56125 

67350 

1 1225 


1852     I     6  63)1852.125(29 

592 

25 

J^f//  29  Roods  25  Feet. 

By  Scale  and  Compajfes* 

Extend  the  Compares  from  63  to  16.5,  that  Ex- 
tent wi?l  rea<:h  from  112.25  to  29.4  Roods,  the  Co!i» 
lent. 


[  CHAP. 


Chap.  4;  Board.  ^jj 

CHAP.     IV. 

The  Meafuring  of  Board  and  Timber, 

§1.    0/  Board   Measure. 

TO  meafure  a  Board,  is  only   to  meafure  a  long 
Square. 

Example  i.  If  a  Board  be  16  Inches  broad,  and  i^ 
Feet  long  ;  How  many  Feet  are  contained  in  it  ? 

Multiply  16  by  13,  and  the  Produ6l  is  208  ;  which 
divided  by  12,  gives  17  Feet,  and  4.  remains,  which, 
is  a  third  Part  of  a  Foot. 

Or  thus :  Multiply  156  (the  Length  in  Inches)  by 
j6,  and  the  Product  is  2496;  which  divided  by  14.4, 
the  Quotient  is  17  Feet,  and  48  remains,  which  is  a, 
ihird  Part  of  144,  the  fame  as  before. 


12  : 
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12  :  13  :  :  i6 

16 

12)208 


*  /  1  z 


Or,  144  :  156  ;  :  16 
16 


156 


144)2496(17411 
1056 

48 

By  Scale  and  Com^ajfes. 

Extend  the  Compares  from  12  to  13,  that  Extent 
will  reach  from  16  to  173  Feet,  the  Content. 

Or,  extend  from  144  to  156  (the  Length  In 
Inches)  that  Extent  will  reach  from  16  to  17-j  feet, 
the  Content. 

Example  2.  If  a  Board  be  19  Inches  broad;  How 
many  Inches  in  Length  will  make  a  Foot^ 

Divide  144  by  19,  and  the  Quotient  is  7.5S  very 
near ;  and  fo  many  Inches  in  Length,  if  a  Board  be 
19  Inches  broad,  will  make  a  Foot. 

Inch.    Inch.    Inch.    Inch. 
19  :  144  :  ;  1  :  7.58/fr^. 

Extend 
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Extend  the  CompafTes  from  19  to  144,  that  Extent 
will  reach  from  1  to  7.58;  that  is,  7  Inches,  and  fome- 
thing  more  than  a  half.  So,  if  a  Bo.ird  be  19  inches 
broad,  if  you  take  7  Inches,  and  a  little  more  ilnn  a 
half  vvith  your  Compnffes  from  a  Scale  of  inthes,  ..nd 
run  that  Extent  along  the  Uoard,  from  End  to  End, 
you  may  find  how  many  Feet  that  Board  contain.'.  ;  or 
you  may  cut  oft'  from  that  Board  any  Number  of  Feet 
defired. 

For  this  Purpofe  there  is  a  Line  upon  moO:  ordinary 
Joint-rules,  with  a  little  Table  plac;.d  upon  the  End 
of  all  fuch  Numbers  as  exceed  the  Length  of  the 
Rule,  as  in  this  little  Table  annexed. 


0 

0 

0 

0 

5 

0 

^k 

u 

12 

6 

4 

3 

2 

2 

I 

I 

1 

2 

3 

4 

5 

6 

7 

8 

Here  you  fee,  if  the  Breadth  be  one  Inch,  the 
Length  mull  be  12  Fee-  ;  if  two  Inches,  the  Length 
is  6  Feei  ;  if  five  Inches  broad,  the  Length  is  2  Feet 
^  Inches,  l^c. 

The  reflof  the  Lengths  are  exprefTed  in  the  Line, 
thu^:  \{  the  Breadth  be  9  In.hes,  you  will  find  it 
a.iinft  15  luches,  counted  fr  m  the  other  End  of  the 
Rule ;  if  ilie  Bri^idth  be  i  1  inches,  then  a  little  ..bove 
13  Inches  will  De  the  Length  of  a  Foot,  l^c, 

§  II.    Of  Sq^uared  Timber. 


BY  Squared  Timber  is  here  meant  fuch  Pieces  of 
'1  imber  as  have  equal  Bafes,  and  the  Sides  ftrait 
and  parallel.  The  Rules  for  meafuring  all  fuch  Solids 
are  fhewed  in  §  IL  of  Chap.  IL  to  which  I  refer. 

Example 


F. 

I. 

I 

3 

I 

3 

1 

3 

3 

9 

1 

6 

§ 

9 

4 

6 
3 

sS     I     ^ 
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Example  i.  If  n  Piece  of  Timber  be  i  Foot  3 
Inches  (or  ir^  Inchts)  fquare,  and  18  Feet  longj  How 
niiiny  foiid  Feet  are  contained  in  it  ? 

IS 
15 

7S 
IS 

225 
18 

i8co 
225 

144)4050(28.125 

1 170 

1 8a 
360 
720 


Anfwer,  28  Feet  and  half  a  Quarter. 

Here,  inflead  of  multiplying  by  18,  where  l 
wrought  by  Feet  and  Inches,  1  multiplied  by  6,  and 
then  by  3,  becaufe  3  times  6  is  18. 

Example  2.  If  a  Piece  of  fquared  Timber  be  2.Feet 
9  Inches  deep,  i  Foot  7  Inches  broad,  and  16  Feet 
9  Inchee  long;  How  many  Feet  of  Timber  are  in 
that  Piece  ? 

Multiply  the  Depth,  Breadth,  and  Length  together, 
and  the  Produd  will  be  the  Content. 


33 
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33 


F.  I. 


'9  29 
I     7 

297 
33 


627 
167,- 

3»35 

4389 

37^2 
627 

144)1050^  25(72.93 


2 

9 

I 

7 

3 

4 

4 

3 

16 

8 

0 

69 

9 

0 

3 

3 

2 

3 

72     II        2       3 


33 
Anfwer,  72  Feet  11  Inches;  or  72  Feet  (^i  Parts. 

By  Scale  and  Compajfes, 

For  the  firfl  Example,  extend  the  ComnaPes  from 
1  2  to  15  Inches  (the  hkie  of  the  Square,  that -Extent 
will  reach  from  '8  Feet  (the  Length  berng  twice  turn- 
ed over)  to  28  Feet,  and  fomething  more. 

For  the  fecond  Example,  find  a  mean  PropiTtional 
between  19  Inch'b  and  33  Inches,  by  uividmg  the 
Space  between  them  into  two  equal  Pans,  and  the 
Compafs  Point  will  reft  upon  25,  which  is  a  mean 
Proportional  between  19  ana  33. 

Then  extend  the  Compafles  from  12  to  25  (the 
Proportional  found)  th.f  Extent  will  reach  (being 
twice  turned  over)  from  16.75  Feet,  the  Length,  to 
72.93  Feet,  the  Content. 

9  A  com- 


240 
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A  common  Error  is  committed,  for  want  of  Art, 
in  meafuring  thefe  lall  Sorts  of  Solids,  by  adding  the 
Depth  and  Breadth  together,  and  taking  half  for  the 
Sideof  a  mean  Square.  This  Error,  though  it  be  but 
fmall,  when  the  Depth  and  Breadth  are  pretty  near 
equal;  yet,  if  the  Diiterence  be  great,  the  Error  is 
very  confiderable  ;  for  the  Piece  of  Timber  thus  mea- 
furcd,  will  be  more  than  the  Truth,  by  a  Piece  whofe 
Length  is  equal  to  the  Length  of  a  Piece  of  Timber 
to  be  meafured,  and  the  Square  equal  to  half  the  Dif- 
ference of  the  Breadth  and  Depth,  as  I  ihall  here  de- 
monftrare. 


I  fay,  the  Square  GHIK 
is  greater  than  the  Paral- 
lelogram A  BCD,  by  the 
little  Square  OH  PL;  for 
the  Parallelogram  QPIK  is 
equal  to  the  Parallelogram 
AEFD;  and  the  Parallelo- 
gram GOLQ^is  equal  to 
the  Parallelogram  EBCF. 
Therefore  the  Square  is 
greater  than  the  Parallelo- 
gram by  the  little  Square 
O  H  P  L  ;  which  was  to  be 
proved. 

Otherwife,  you  may 
prove  it  by  Numbers,  thus: 
The  Sum  of  3  3  and  j  9  is  52, 
the  half  of  which  is  26,  the 
Square  of  26  is  676,  and  the  Produd  of  the  Depth 
and  Breadth  is  627  •  The  Difference  of  thefe  two"4s49, 
equal  to  the  Square  of  half  the  Difference;  for  the 
Difference  between  33  and  19  is  14,  the  half  of  which 
is  7,  whofe  Square  is  49  ;   which  was  to  be  proved. 

Now,  if  this  49  be  multiplied  by  the  Length  of  the 
Piece,  and  that  Produfl  divided  by  144,  to  bring  it 
to  Feet,  and  thofe  Feet  added  to  the  true  Content,  the 

Sum 
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Sum  will   be  equal  to  the  Content  found  by  the  falfe 
Way  mentioned. 

See  the  Work  of  both. 


33 
»9 

Depth. 
Breadth. 

Sum. 

half. 

»44) 

16.75   the  Len^fh. 
49  theSij.ofiDifF. 

52 

26 
26 

15075 
6700 

820.75(5.69 

15^ 

52 

m 

- 

1007 
1435 

676 
16.7; 

U9 

3380 

4056 
O76 

)i 1323. oo( 

78.65 

1243 
910 

460 

28 

Feet. 

To       72-93   tJ^e  true  Content. 
Add       5.69  the  Part  fuperiluous. 

Gives  78.62  equal  to  the  Content  by  the  falfc  Way. 


242  ^he  Menjuration  of 

By  Feet  and  Inches, 
F.  I. 
o    7 
o     7 

■  * 

041 
16     9 


5     5    4 
3     o 


Part  II. 

F. 

I. 

2 

2 

2 

2 

,4 

4- 

4 

4 

4 
16 

8 
9 

4 

75 
3 

I 

6 

4 
3 

5849  Part  fuperPiUOus. 
72    II      2     3  True  Content  add. 

. —  FalfeC.   78     7     7 

78770  equal  to  the  Content  by  the  falfe  Way, 

51?  find  honxj   much   in    Length  makes  a    Foot  of  any 

fquared  Timber, 
Always  divide  1728  (the  folid  Inches  in  a  Foot)  by 
the  Area  of  the  Bafe;  the  Quotient  is  the  liCngth  of 
a  Foot* 

This  Rule  is  general  for  all  Timber,  which  is  of 
equal  Thicknefs  from  End  to  End,  whether  it  be 
fquare,  triangular,  multangular,  or  round. 

Example  1.  If  a  Piece  of  Timber  be  18  Inches 
fquare  J  How  much  in  Length  will  make  a  Foot 
folid  ? 

18 
i8 

144 
18 

324)  1728(5}  Inches ;  which  is  the  Anfwer. 
1620 

108 
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By  Scale  and  Ccrnpajfes, 

Extend  tlie  Compafles  from  1  to  18,  that  Extent 
will  reach  from  18  to  323,  the  Square  or  Area  of  the 
Bafe  ;  then  extend  from  324  to  1728,  that  Extent  will 
reach  down  from  i  to  5  Inches,  and  ~  of  an  Inch. 

Or  thus  :  Extend  the  Compailti,  from  18  to  41.569, 
that  Extent,  turned  twice  over  from  1,  will  atiaft  fail 
upon  5|,  as  before. 

Note  J  That  41. 569  is  the  fquare  Root  of  1728. 

Example  2.  If  a  Piece  of  Timber  be  22  Inches 
deep,  and  15  Inches  broad  j  How  much  in  Length 
will  make  a  Foot? 

22 

IS 

110 

22 

330)1728(5.23 

780 
1200 


2JO 

Anfwer,  5  Inches  and  .23  Parts, 
By  Scale  and  Compajfes. 

Extend  the  Compares  from  i  to  15,  that  Ex'tent 
will  reach  from  22  to  330  ;  then  extend  from  330  to 
172S,  that  Extent  will  reach  from  1  to  5.23  Inches, 
the  Length  of  a  Foot. 


Y  2  There 
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There  is  a  Line  for  this  Purpofe  upon  moil  ordi- 
nary Rules,  with  a  little  Table  at  the  End  of  all  Aich 
I^J umbers  as  exceed  the  Length  of  the  Rule,  fach  as 
this  annexed. 


ofojo|o      9      o|m[3|9|  ^^^'les. 

44    36      16     9      5    1  4       2      2  1    I  1  Feec. 

1    }   2        3    1  4  1   5   1  6   ]   7   1  8  j  9  J  SideoftheSq. 

Here  you  fee,  if  the  Side  of  the  Square  be  1,  the 
Length  muft  be  144  Feet;  if  two  Inches  be  the  SiJe 
of  the  Square,  itrnuil  be  36  Feet  in  Length,  to  make 
A  folid  Foot,  i^c, 

li  the  Side  of  the  Square  be  not  in  the  little  Table, 
you  will  find  it  upon  the  Line;  thus,  if  the  Side  of 
the  Square  be  16  Inches,  you  will  find  it  agaii.ft  6 
Inches  and  7  Tenths,  counted  from  the  other  End  of 
the  Rule. 

Then  if  you  take  the  Length  of  a  Foot  from  the 
Line  of  Inches  with  your  CompafTes,  and.  run  the 
CompafTes  along  the  Piece  from  End  to  End,  you  will 
£nd  how  many  Feet  are  contained  in  that  Piece  ;  or 
ycu  may  cut  off  any  Number  of  folid  Feet  that  fhall 
be  defired  ;  but  if  the  Sides  of  the  Pieces  be  unequal, 
f.nd  a  mean  proportienal  Number,  as  is  before  taught, 
hy  dividing  the  Dirtance  upon  the  Line  of  Numbers 
into  two  equal  Parts :  Thus,  if  the  Breadth  be  25 
Inches,  and  the  Depth  9  Inches,  divide  the  Space 
upon  the  Line  of  Numbers  into  two  equal  Parts, 
and  you  will  find  the  middle  Point  at  15  ;  fo  is  15 
Inches  the  geometrical  mean  Proportional  fought ; 
then  if  you  look  for  15  upon  the  Line  above-men- 
tioned, you  will  find  7  Inches  and  a  little  above  half 
to  be  the  Length  of  a  Foot. 


§III» 
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§  III.     Of  unequal  Squared  ^imher, 

BY  unequal  Squared  Timber,  I  mean  all  fuch  as 
have  unequal  Bafes  ;  that  is,  fuch  as  is  thicker 
atone  End  than  at  the  other;  and  fuch  ate  moll 
Timber-trees  when  they  are  hewn,  and  brought  to 
their  Squares. 

The  ufuil  Way  to  meafure  fuch  Timber,  is  to  take 
a  Square  about  the  Middle  of  the  Piece,  which  the/ 
take  to  be  a  mean  Square  :  This  Way,  when  the  Piece 
is  pretty  near  as  thick  at  one  End  as  at  the  other,  is 
fomething  near  the  Truth  ;  but  when  there  is  a  great 
Difproportion  between  the  Ends  of  the  Piece,  the  Er- 
ror is  confiderable.  All  fuch  Solids  being  the  Fruftums 
of  Pyramids,  the  true  Way  of  meafuring  them  mull 
be  by  Seft.  VII.  Chap.  IT.  1  Ihall  give  an  Example 
or  two,  which  I  will  work  both  by  the  true  and  falfe 
Ways,  by  which  you  will  fee  the  D  fFerence. 

Example  i.  If  a  Piece  of  Timber  be  25  Inches 
fquare  at  the  greater  End,  and  9  Inches  fquare  at  the 
lejler  End,  and  20  Feet  long  ;  How  many  Feet  of 
Timber  are  in  that  Tree  ? 

9 

Sum      34 

Half     17  the  Side  of  th€  Square  in  the  Middle* 
17 


144)5780(40.13 
200 
560 


128  An fwer,  40.1 3  Feet,  by  the  faifc  Wrv* 
Y  3  By 
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By  Rule  II.  Sea.  VII.  Chap.  II. 

25  25 
9  9 

225  16  Difference  of  the  Sides. 

16 

16 

3)256  the  Square. 

85-333 
225 


310-333 
20 


144)6206.660(43  101 

446 
146 

260 


116 


Anfvver,  43.101  Feet,  by  the  true  Way ;  fo  that 
there  is  near  3  Feet  Diiference. 

By  Scale  and  Compajfes, 

Extend  from,  i  to  9,  that  Extent  will  reach  from 
25  (the  fame  '^'ay)  to  225,  the  Redangle  of  the  Sides 
of  the  two  Bales ;  then  the  Difference  between  the 
fa:d  Sides  is  15  :  extend  from  3  to  16,  that  Extent 
will  reach  from  16  to  85.333,  a  third  Part  of  the 
Square;  which  added  to  225,  the  Sum  is  310.333,  a 
-mean  Area:  Thene.'itend  from  144  to  310.333,  that 

Extent 
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Extent  will  reach  from  20  (the  Length)  1043.1  Feet, 
the  Content  the  true  Way. 

Extend  the  Compares  from  12  to  17  (the  vSide  of 
the  middle  Square),  that  Extent  will  reach  from  20 
(the  Length,  being  twice  turned  over)  10  40.1  Feet, 
the  Content  by  the  falfe  Way. 

Example  2.  If  a  Piece  of  Timber  be  32  Inches 
broad,  and  20  Inches  deep,  at  the  greater  End,  and 
10  Inches  broad  and  6  deep,  at  the  Irfier  End,  and 
18  Feet  long  ;  Flow  many  Feet  of  Timber  are  in  that 
Piece  ? 

Rule  I.  Sea'.  VII.  Chap.  IL 
32  6 

20  10 

60 


(195.959     mean  Proportional. 
640     '       the  greater  Bafe, 
60  the  leifer  Bafe. 


640 
60 

•       •       • 

384CO 

I 

29)284 

385)2300  ^95-959  ^^^  Sum. 

39°9)375C<^  ^—1  the  Height. 

39185)231900         ■ 

391909)3597500     5375-754 

M4)5375754(37'33 

1055 

477 
455 


23 


Add 


248  The  Menfuratlon  of        Part  II. 


Addi32 

20 
6 

ladde 

Sum    42 

26 

Sum. 

Half    21 
13 

63 
21 

13 

half. 

273  Area  in  the  Middle. 
18  Length. 

2184 
273 

I44)49H(34' 

12 

594 
180 

360 

72  Feet. 

-^"^^"1  Content  the  falfe  Way    34.12 

By  Scale  and  Compajfes, 

Extend  the  Compafles  from  i  to  20,  that  Extent 
will  reach  from  32  to  640,  the  Area  of  the  greater 
Bafe. 

Then  extend  from  i  to  10,  that  Extent  will  reach 
from  6  to  60,  the  Area  of  the  lefTer  Bafe  :  Then  ex- 
tend from  1  to  60,  that  Extent  will  reach  from  640 
to  38400,  the  Produdl  of  the  two  Areas:  Find  the 
fquare  Root  of  it,  by  dividing  the  Space  between 
I  and  38400  into  two  equal  Parts,  fo  you  will  find 
the  middle  Point  at  ^9S'9S9i  ^^^  ^ooi  foughtj  which 
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is  a  mean  Proportional  between  the  greater  and  lefTer 
Areas;  then  add  the  m'?;m  Propcrtional  and  two 
Areas  together,  and  the  Sum  is  895.959  ;  which  mul- 
tiplied by  6  (a  third  Part  of  the  Length)  by  extend- 
ing from  I  to  6,  that  Extent  will  reach  from  895.959 
105^75.75.  Then  extend -from  144  to  5375.75,  and 
that  Extent  will  reach  from  i  to  37.33  Feet,  the  true 
Content. 

For  the  falfe  Way,  half  the  Sum  c^^  the  Breadths  is 
2  I ,  which  is  the  Breadth  in  the  Middle  ;  and  h:jlf  the 
Sum  of  the  Depths  is  i  3  :  Extend  ft om  i  to  13,  that 
Extent  will  reach  from  21  to  273,  the  Area  of  the 
middle  Bafc  :  Then  extend  frcm  144  to  273,  that 
Extent  will  reach  frcm  18,  the  L^ngtii,  to  34.12,  the 
Content  the  falfe  Way. 

§  IV,    Of  Round  Timber y  with  equal  Bqfes. 

THE  ufual  Way  to  meafure  round  Timber-trees, 
is  to  girt  them  about  the  Middle  with  a  String, 
and  take  the  fourth  Part  of  that  Girth  for  the  Side  of 
ft  Square,  by  which  they  meafure  the  Piece  of  Tim- 
ber as  if  it  was  fquare. 

But  that  this  is  an  Error,  I  fhall  make  appear  as 
follows.  If  the  Circumference  of  a  Circle  be  1,  the 
Area  will  be  .07958;  then  the  fourth  Part  of  i  is 
.25,  which  fquared  makes  .0625  ;  this  they  take  for 
a  mean  Area,  inftead  of  .07958  :  Therefore  the  true 
Content  always  bears  fuch  Proportion  to  the  Content 
found  by  the  aforefaid  cuftomary  falfe  Way,  as  .07958 
to  .0625  ;  which  is  nearly  as  23  to  1  8  ;  fo  that  in 
meafuring  by  that  cuftomary  falfe  Way,  there  is 
above  one  fifth  Part  loil  of  what  the  true  Content 
ought  to  be. 


This 
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This  Error,  though  it  has  been  fo  often  confuted, 
yet  it  is  grown  fo  cuftoraary  in  all  Places,  that  there 
is  little  Hope  of  my  prevailing  with  Men  that  are  fo 
wedded  to  it,  to  embrace  the  Truth  :  1  fhall  there- 
fore, in  the  following  Examples,  Ihew  how  to  work 
both  the  true  Way,  and  alfo  the  falfe  or  cuilomary 
Way. 

Example  i.  If  a  Piece  of  Timber  be  96  Inches  in 
Circumference  or  Girth,  and  18  Feet  long;  How 
many  Feet  of  Timber  are  contained  in  it  ? 

A  fourth  Part  of  96  is  24 

24 


l'}^  Area  Bare« 
18 


144)10368(72 
1008 


288     ■        • 

288  72    o 


Content  the  falfe  Way,  72  Feet, 


Then 
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Then  the  true  Way. 

96 

96 


576 
864 

92 16 

.07958 

73728 
46080 
82944 
64512 


u 


733.40928  the  Area  by  Prob.  5.  ^  IX.  Ch.  i, 
18 


586727424 
73340928 


144)13201.36704(91.67  Feet,  the  true  Content. 

241 

973 
1096 


88 


By  Scale  and  Compajfes. 


Extend  from  12  to  24  (the  fourth  Part  of  the 
Girth)  that  Extent,  turned  twice  over  from  18  Feet 
(the  Length)  will  at  laft  fall  upon  72  Feet,  the  Con- 
tent the  cuftomary  Way. 

Extend  from  42.54  to  96  (the  Girth)  that  Extent 
will  reach  from  18  Feet,  turned  twice  over,  to  91.67 
Feet,  the  true  Content. 

6  Example 
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Example  2.  If  a  Piece  of  Timber  be  86  Inches 
Girth  and  20  Feet  long  ;  How  many  Feet  are  con- 
tained therein  ? 

The  fourth  Part  of  86  is  21.5 

21  5 


F.   I.   P. 
I     9    6  1075 

196  215 

430 


I 
1 

9 

4 

6 
I 

6 

0 

10 

9 

3 

2 

6 

3 
20 

462.25 
20 


144)9245.00(64.2 


605 
64     2     5     o  290 

20 

The  Content  the  falfc  Way,  64.2  Feet. 


B/ 
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By  the  true  Way. 

86 
86 


516 
688 

7396 
.07958 

59168 
36980 
66564 

5»772 

583.57368 
20 


144)11771.47360(81.74 

251 

1074 
667 


91 
The  true  Content,  81.74  Feet. 


By  Scale  and  Compajfes, 

Extend  from  12  to  21.5,  that  Extent,  turned  twice 
over  from  20,  will  reach  at  laH  to  64.2  Feet,  the 
Content  the  falfe  Way. 

Extend  from  42.  54  to  ^6^  thnt  Extent,  turned  twirs 
over  from  20,  will  at  lall  fall  upon  81.74  F^ct,  tha 
true  Content. 

The  Cylindrical  Proportions  may  be  very  eafiiy 
wrought  upon  the  Line  of  Numbers. 

2  Prch!em 


254  '^^^  Merjuration  cf         Part  II. 

Problem  i.  Having  the  Diameter  of  a  Cylinder  in 
Inches,  to  find  the  Leagth  of  a  Foot. 

Suppofe  the  Dianneter  22.6  Inehes. 

As  22.6  is  to  46.9,  fo  is  1  to  a  fourth  Number, 
and  that  to  the  Length  of  a  Foot  in  Inches  4.3. 

Extend  the  ComprfTes  from  22.6  to  46  9,  that  Ex- 
tent vvill  reach  from  1  to  a  fourth  Number  ;  then  turn 
them  over  again,  and  that  wiil  reach  to  4.3  Inches. 

Note,  That  46.9  is  the  Diameter  of  a  Circle,  of 
which  the  Area  is  1728. 

Probletn  2.  Having  the  Diameter  in  Foot-meafure, 
to  hnd  the  Length  of  a  Foot  in  Foot-meafure. 

Suppofe  the  Diameter  1.88  Feet. 

Then,  as  1.88  is  to  1. 128,  fo  is  i  to  a  fourth  Num- 
ber :  And  ib  is  that  to  the  Length  of  a  Foot  in  Foot- 
jneafure,  .358. 

Extend  the  Compafies  from  1.88  to  1. 128,  that  Ex- 
tent, turned  twice  from  1,  wiil  reach  to  .358  Pans  of 
a  Foot. 

Note,  That  1.128  is  the  Diameter  when  the  Side  of 
the  Square  is  equal  to  i. 

Prcblem  3.  Having  the  Circumference  in  Inches, 
to  find  the  Length  of  a  Foot  in  Inches. 

Suppofe  the  Circumference  7!  Inches. 

Then,  as  71  is  to  147.36,  fo  is  1  to  a  fourth  Num- 
ber; and  fo  is  that  to  the  Length  of  a  Foot  in  Inches, 

4-3- 

Extend  the  Compaffes  from  71  to  147.36,  that  Ex- 
tent 'lU-'ned  t\vice  from  i,  will  reach  to  4.3  Inches, 
the  Length  of  a  B'oot. 

Note,  That  147.:^ 6  is  the  Circumference  of  a  Cir- 
cle when  the  Area  is  1728. 

Vrohlem  4.  Having  the  Circumfejence  in  Foot- 
meaiure,  to  find  the  Length  of  a  Foot  in  Foot-mea- 
fure. 

Suppofe 
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Suppoi'e  the  Circumference  5.92  rcct. 

Then,  as  5.92  is  to  3-S4?>  <"  is  1  to  a  fourth  Num- 
ber ;  and  To  is  that  to  the  Length  uf  a  Foot  in  Foot- 
meal  ure,  .358. 

Extend  ihe  CompafTes  from  5.92  to  3  945,  that 
Extent,  LuiDcd  twice  over  from  1,  will  fall  upon  .358 
Parts  of  a  Fo')t. 

N'jft'y  That  3  545  Is  the  Circumference  when  the 
Side  of  ihe  bquare  is  equal  to  1. 

Problem  5.  Having  the  Dii meter  in  Inches,  and 
the  Length  in  Inches,  to  find  the  Content  in  Inches. 

Suppofe  the  Diameter  22.6  Inches,  and  the  Length 
156  Inches,  or  13  Feet. 

Then,  as  1 . 1  28  is  to  22  6,  To  is  156  to  a  fourth 
Noinl)er;  and  fo  is  that  to  the  Content  in*lnches, 
62674. 

Extend  the  CornpafTes  from  1.128  to  22.6,  that 
F,x:cnr,  turned  twice  from  156,  will  fall  upon  62674 
Inchts,  the  Content, 

Prol}lL'?n6.  Having  the  Diameter  in  Foot-meafure, 
and  Length  in  Feer,  to  finJ  the  Content  In  Feet. 

Suppofe  the  Diameter  1.88  Feet,  and  the  Length 
13  Feet. 

Ihen,  as  1.128  is  to  1.88,  fo  is  13  to  a  fourth 
Number  ;  and  fo  is  that  to  ilie  Content  in  Feet, 
36.27. 

Extend  from  1.128  to  1.88,  that  Extent,  turned 
twice  from  13,  will  fall  upon  36.27. 

Prchhm  7.  Having  the  Diameter  in  Inches,  and 
Length  m  Inches,  to  find  the  Content  in  Feet. 

Suppofe  the  Dianieter  22.6  inches,  and  the  Length 
156  inchc5. 

1  'ivH,  as  46.9  is  to  22.6,  fo  is  156  to  a  fourth 
NuiTioer  ;  and  lo  is  tlfat  to  the  Content  in  Feet, 
36.27 

Extend  from  4'S.9  to  22.6,  that  Extent,  turned 
twi^;  from  156,  wi.Ifali  upon  36.27  Feet,  the  Con- 
tent. 

Z  2  Prohhm 
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Prcbleni  8.  Having  the  Diameter  in  Inches,  and 
Length  in  Feet,  to  find  the  Content  in  Feet. 

Suppofe  the  Diameter  22.6  Inches,  and  the  Length 
13  Feet. 

Then,  as  13.54  is  to  22.6,  (o  is  13  to  a  fourth 
Number;  and  fo  is  that  to  the  Content  in  Feet, 
36.27. 

Extend  from  13  54  to  22.6,  that  Extent,  turned 
twice  from  13,  will  fall  upon  36.27. 

Noie,  That  13.54  is  the  Diameter  of  a  Circle,  when 
the  Area  is  144. 

Prohlem  9.  Having  the  Circumference  in  Inches, 
and  Length  in  Inches,  to  find  the  Content  in  Inches. 

Suppofe  the  Circumference  71,  and  the  Length  156 
Inches. 

Then,  as  3. 545  is  to  71,  fo  is  156  to  a  fourth 
Number;  and  fo  is  that  1062674,  the  Content  in 
Inches. 

Extend  the  CcmpaiTcs  from  3545  to  71,  that  Ex- 
tent, turned  twice  from  156,  will  fall  upon  62674, 
the  Content. 

Problem  10.  Having  the  Circumference  in  Feet, 
and  Length  in  Feet,  to  find  the  Content  in  Feet. 

Suppofe  the  Circumference  5.92  Feet,  and  Length 
13  Feet. 

Then,  as  3.545  is  to  5  92,  fo  is  13  to  a  fourth 
Number  ;  and  io  is  that  10  36.27. 

Extend  from  3.545  to  5.92,  that  Extent,  turned 
twice  from  13,  wiii  fall  upon  36.27  Feet,  the  Con- 
tent. 


Prohlem 
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Problem  ri.  Having  the  Circumference  in  Inches,, 
and  Length  in  Inches,  10  find  tiie  Cunteat  in  Feet. 

Suppofe  the  Circumference  71  Inches,  and  Length 
156  Inches. 

Then,  as  147.36  is  to  71,  fo  is  156  to  a  fourth' 
Number  ;   and  (o  is  that  to  the  Content  in  Feet  36.27. 

Extend  the  Conipaffes  from  14.7.36  to  71,  that  Ex- 
tent, turned  twice  from  156,  will  fall  upon  36.27 
Feet  ilie  Content. 

Prohlem  12.  Having  the  Circumference  in  Inches, 
and  Length  in  Feet,  to  had  the  Content  in  Feet. 

Suppofe  the  Circumference  ji  Inches,  and  Length 
13  Feet. 

Then,  as  42.54  is  to  71,  fo  is  1  3  to  a  fourth  Num» 
ber  ;  and  fo  is  that  to  the  Content  in  Feet,  36.27. 

Extend  the  Com pafTes  from  42.54  to  71,  that  Ex- 
tent, turned  twice  from  13,  will  reach  to  36.27  Feet, 
the  Content. 

KotCy  That  42.54.  is  the  Circumference  of  a  Circle^, 
when  the  Area,  is  144. 


^  S  C  V, 
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§  V.   Of  Round  I'itnher,  when  the  Bqfes  are 

unequal, 

THE  ufual  Way  to  meafure  Round  Timber  (as  I 
faid  b  ^r  re)  is  to  take  a  fourth  Part  of  the  Girth 
in  the  Middle  of  the  Piece,  for  the  Side  of  a  mean 
Square.  Bur  this  Way  1  have  proved  to  be  erroneous 
in  Timber  that  is  all  the  Way  of  an  equal  Thicknefs ; 
and  it  rauft  be  much  more  fo  in  Timber  that  is  taper- 
ing ;  and  the  more  tapenng  it  is,  the  greater  is  the 
Error  :  For  to  the  F,rror  in  the  laft  Sedion,  there  is 
added  the  Error  in  the  third  Sedlion ;  therefore,  to 
meafure  all  .uch  Timber  according  to  Art  and  Truth, 
fuch  a  Piece  ought  to  be  confidered  as  a  Fruihim  of  a 
Cone,  and  fhould  ^e  rneafured  by  the  Rules  given  in 
Se3.  Vlll.  Chap.  li.  by  which  Rules  the  following 
Examples  are  wrought. 

Example  i.  If  a  Fiece  of  Tin  ber  be  9  Inches  Dla- 
xpe  eral  the  lefTer  End,  and  36  Inches  at  the  other 
E^d,  and  24  Feet  long;  How  many  Feet  of  Timber 
are  there  in  it  ? 

36  361subtraa. 

9  9/ 

Reil.  324  27  DiiFerencc, 

27 


3)729  the  Square. 


243  One-third. 
324  Redlangle  add 

567 


.7854 
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567 


mean  Area 

54978 
47124 

39270 

A 

445.3218 
24 

17812872 
8906436 

144)10687.7232(74.22 

• 

607 
292 

4 
Anfwer,  74.22  Feet, 

Or  thusy 

,  by  Feet  and  Inches. 

F. 

3 

I. 

0 

F.  I. 

2     3  DiiFerence. 

0 

9 

2     3 

2 

3  Rea. 

4    6 
069 

5     0    9  the  Square. 

183   One-third. 
230  Rectangle  addfid* 

311     3  a  mean  Scjuare. 


Then, 


26o  'I'hs  Menjuration  of        Part  IL 

F.  1.   P. 

Then,  As  14  is  to  1 1,  To  is  3   11      3  to  the  Area, 


1 1 


7)43 

9 

9 

2)  6 

2 

3 

3 

I 

1 

6 
6 

18 

6 

9 

0 

4 

74     3     o     o 

Here,  inflead  of  dividing  by  14,  I  divide  by  7  and 
by  2,  becaufe  twice  7  is  14. 

And  inilead  cf  mulciplying  by  24  Feet,  the  Length, 
I  multiply  by  6  and  4,  becaufe  6  times  4  is  24. 

By  Scale  and  Compalles  this  is  too  troublefome. 

Exafnple  2.  If  a  Piece  of  Timber  be  136  Inches 
Circumference  at  one  End,  32  Inches  Circumference 
at  the  other  End,  and  21  Feet  long;  How  many  Feet 
ef  Timber  are  contained  ia  that  Piece  r 


t36 


Chap.  4. 

Round  timber. 

136 
32 

136 

32 

272 

104  Difference. 

408 

104 

4352 

416 
1040 

3)108 16  the  Square, 

3605.333   One-third. 
4352          Reftangle  add. 

7957-333  Square  of  a  mcai 
.07958 

63658664. 
39786665 
71615997 

5570»33» 

633.24456014  the  mean  Area. 
21 

63324456014 
126648912028 

13298. 13576294 
144)13298.13(92.34 

338 

501 

693 

117 
Anfwer,  92.34  Feet. 

261 


i> 


2.6-2  ^he  Menjuration  of        Parr  11. 

By  Feet  and  Inches ^  thus : 


F.   I. 

F.  I. 

11     4 

8     8  Difference 

2      8 

8     8 

22       S  69       4 

768  594 

30     2     8  3)75      I     4  the  Scjuarc. 

2^       O       5       4 

30     2     8     o 


55     3     I     4  theSq.oftheCircum* 

F.  r.  p.  s. 

88  :  7  ::  55     3     i     4  :  the  mean  Area. 

7 


1)386 

9 

9 

4 

8)   35 

1 

1 1 

9 

4 

4 

8 

1 1   the  mean  Area. 

7 

30 

9 

2 

5 

3 

Facit    92     3     7     3 


§  VI. 
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§  VI.     Of  the  Five  Regular  Bodies, 

nj^HKSE    Bodies    may    all    be    meifrured    by    the 
A      fourth    5e6lion   of  Chap.    II.   except  it  be  the 
Cube,  or   Haxaedroii,   which  is  already  meafured  in 
Sedion  1.  of  that  Chapter. 

1 .       0/  //^^   T  E  T  R  A  E  D  R  O  N. 

A  Tetraedron  is  a  Solid,  con- 
tained under  four  equal  and  equi- 
lateral   I'riangles. 

Lee  A  B  C  1.)  be  a  Tetraedron, 
whofe  Side  is  r2  Inches,  the 
perpen  Jicalar  Height  9' 798 
Inches.  A. 

By  Se3l.  V.  Chap.  T-  the  Area  of  the  Triangle 
will  be  found  62.3:52  ;  a  third  Part  of  it  is  20.784, 
which  multiplied  by  the  perpendicular  Height,  the 
Produifl  is  203.641632  iolivj  laohes,  ilie  Content. 

10.392   the  Perpendicular  of  ihe  Triangle. 
6   Half  the  Side. 


62.352   Area  of  the  Triangle. 

20.784  one-third  Part. 
9.798  the  perpendicular  Height. 


166272 
187056 
145488 

187056 

203.641632 

The 
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The  fuperficial  Content  is  four  times  the  Area  of 
the  Triangle,  i;/s:.  249.408  laches,  bcciufe  there  are 
four  Triangles. 

2.       0/  //?<?  O  C  T  A  E  D  R  O  N. 

The  Oclaedron  is  a  Body 
contained  under  eight  equal 
and  equilateral  Triangles. 

Let  ABCDE  be  an  Oc- 
taedron,  whole  Side  is  12 
Inches;  the  Content  folid 
and  fuperficial  is  required. 

An  0£laedron  is  compofed  of  two  quadrangular 
Pyramids  joined  together  by  their  Bafes ;  therefore, 
if  the  Are^  of  the  Bafe  be  multiplied  into  a  third  Part 
of  the  Length  of  both  Pyramids,  the  Produd  will  be 
the  folid  Content. 

5.6568  a  third  Part  of  the  Length. 
144  Area  of  the  Square  Bafe. 

226272 
226272 

814.5792  the  Solidity. 

The  fuperficial  Content  v/ill  be  jufl  double  to  that 
of  the  Tetraedron,  'vix.  498816,  becaufe  the  Side 
of  this  is  fuppoftd  to  be  equal  to  the  Side  of  that,  and 
becaufe  the  (Jd.iedron  is  contained  under  eight  Tri- 
angles, and  the  Tetraedron  but  under  four. 


4 


3.  0/ 
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J* 


Of  the   D  O  D  E  C  A  E  D  R  O  N< 


The  Dodccacdron  is  a  foliJ  Bcxly,  contained  under 
twelve  pent:ingiilar  Planes. 

Let  ABCDEFG 
H  I  K  be  a  Dodeca- 
edron,  each  Side  of  it 
being  12  Inches  ;  the 
Content,  folid  and  fu-  K 
perficial,  is  required. 

■^1  he  Solidity  oF 
the  Dodecaedr.  :;  is 
compofpd  of  twelve 
pent.iHgled  Pyramids, 
whole  Vertexcs  all 
meet  in  the  Center. 
Theref{.re,  if  v^'e  find 
the  Solidity  of  one  of  tho'e  Pyramids,  and  multiply 
that  by  12,  that  Produd  will  be  the  Solidity  of  the 
Dodecaedron. 

The  Altitude  of  one  of  the  pentangled  Pyramids 
will  be  found  to  be  13.36219. 

The  Perpendituiar  ot  the  Pentagon  will  be 
8.25S292 

30  half  Sum  of  the  Sides. 

247.748760  Area  of  the  Pentagon. 

60454.4     a  third  Part  of  13.362  19  Inverted. 


99099504 

99099^0 

1238744 

99099 

i486 


1103.48783  Content  of  one  Pyramid. 


J2 


>32-f»-8539^  the  Solidity  of  the  Dodecaedron. 

A  a 


If 
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If  the  Area  of  the  Pentagon  be  multiplied  by  12, 
the  Produd  will  be  the  fuperficial  Content. 


247.74876 

iZ 


297298512  the  fuperficial  Content. 
4.       0/  /-6^   ICOS  AEDRON, 


The  Icofjiedron  is 
a  folid  Budy,  con- 
tained under  twenty 
equal  and  equ'lateral 
Triangles. 

Let  ABCDEFGHl 

be  an  Icofaedron,  each 
Side  of  which  IS  12 
inches  ;  theC(;nrent, 
foiid  and  fuperficial,  is 
required. 


The  Icofaedron  is  compofed  of  twenty  triangular 
Pyramids,  with  their  Vertexes  all  joining  in  the 
Center. 

Therefore,  if  the  folid  Content  of  one  Pyramid 
be  multiplied  by  20,  the  Product  IV  the  whole  folid 
Content  of  the  Icofaedron. 

a  ft 


10.39224 
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10.39224  the  Perpendicular  of  the  Triangle. 
6  Half  ihc  bide. 


20 


124.7.06880  Superficial  Content. 

3.02304<;6  thirdPartof  the  Altltuieof  thePyrant. 

44353-2^ 


181382736 

6046091 

906914 

151152 

9069 

1209 

121 

188.497292 
20 


3769.945840  the  Solidity. 

The  fuperficial  Content,  1^47,0688. 


A  a  2  fhi 
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By  thefe  Figures  you  may  cut  thefe  Bodies  in  fine 
Pafteboard,  cutting  all  the  Lines  half  through,  and  To 
turn  them  up  and  glue  them. 

A  TABLE 
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A  T  AY^L^ /hewing  the  Solidity  andfuper-- 
ficial  Content  of  any  of  the  Regular  Bodies ^ 
the  Side  being  i,  or  Unity. 


'I'lie  iNames 
of  the  Bo- 
dies. 

The 
Solidity. 

Superficies. 

Tetraedron 

Odaedron 

Hexaedron 

Icofaedron 

Dodecnedron 

0*1 17851 1 

0.4714045 

I.OCOOOCO 

2.181695 
7.66-^  I  19 

1.732051 
3.464102 
6  oooooo 
8.660254 
20.645729 

By  this  Table,  the  Content,  either  fifperficlal  or 
folid,  of  any  of  ihefe  Bodies,  may  very  readily  be 
found  ;  for  all  like  fuperficial  Figures  are  in  Propor- 
tion one  to  another,  as  are  the  Squares  of  their  like 
Sides:  Therefore  it  will  be.  As  the  Square  of  i, 
(which  is  I )  is  to  the  fuperficial  Content  in  the  Table ; 
fo  is  the  Square  of  the  Side  of  the  like  Body,  to  the 
fuperficial  Content  of  the  fame  Body.  Therefore,  if 
the  Number  in  the  Table  be  multiplied  by  the  Square 
of  th«  SiJe  given,  the  Produift  is  the  fuperficial  Con- 
tent .equired. 

-Again  ;  all  like  Solid;  are  in  Proportion  to  each 
other,  a  the  Cubes  of  their  like  Sides.  Therefore 
it  will  be,  As  i  (which  is  the  Cube  of  1)  is  to  the 
folid  Content  in  the  Table,  fo  is  the  CuL'^  of  the 
Side  given,  to  the  folid  Content  requ.red.  I'here- 
fore,  if  the  Number  in  the  Table  be  multipliec  by  the 
Cube  of  the  given  Si  .'e,  the  Product  will  be  the  fo- 
lid Conttnt  of  the  fame  Body. 


A  a 


E^ amp  It 
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Example  i.  If  the  Side  of  a  Dodecaedron  be  12 
Inches  (as  before)  ;  What  is  the  Content  folid  and 
fuperficial  ? 

7.6631 19  the  tabular  Number. 
1728  the  Cube  of  the  Side, 

61304952  ;  , 

15326238  i 

5364'S33 
7663119 

^— M—    ■■■■■■■■^^     ^mmmm        m 

I 

13241.869632  the  folid  Content,  nearly  the  fame 

(as  before. 
;  20.645729  the  tabular  Number. 

144  the  Square  of  the  Side. 

82582916 
82582916 
20645729 

2972.984976  the  fuperficial  Content. 
By  Scale  and  Compajfes. 

Extend  from  i  to  12  (t^e  Side)  that  Extent  being 
turned  three  times  over  from  7.63 119,  will  at  lall  fall 
upon  13241.86,  t^c.  the  folid  Content. 

Anu  if  you  apply  the  fame  Extent  twice  from 
20.645729,  it  will  at  lall  fall  upon  2972.98,  ^r.  the 
fuperficial  Content. 


Example. 
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Example  i.     If  the   Side   of   an   Odlaedron  be   20 
Inches ;   What  is  the  Content  folid.  and  fuperhcial  ? 

.4714045  the  tabular  Number. 

8000  the  Cube  of  the  Side. 


1771.2360000  the  folid  Content. 


3  464102      the  tabular  Number. 

400  the  Square  of  the  Side. 


13S5  640800  the  fuperficial  Content. 

By  Scale  and  Ccmpaffes, 

Extend  from  1  to  20,  that  Extent,  turned  three 
times  over  from  .4714045,  will  at  laft  fall  upon 
3771.236,  the  folid  Content.  The  fame  Extent, 
turned  twice  over  from  3  464,  ^c.  will  at  laft  fall 
upon  1385.64,  the  fuperficial  Content. 

§  VII.    How  to  meafure  any  irregular  Solid, 

IF  you  have  any  Piece  of  Wood  or  Stone  that  is 
craggy  or  uneven,  and  you  defire  to  find  the  So- 
lidity, put  the  Solid  into  any  regular  VefTel,  as  a  Tub, 
a  Ciftern,  or  the  like,  and  pour  in  as  much  Water  as 
will  jufl  cover  it ;  then  take  out  the  Solid,  and  mea- 
fure how  much  the  Fall  of  the  Water  is,  and  fo  find 
the  Solidity  of  that  Part  of  the  VeiTel. 


ExampU 
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Example.  Suppofe  a  Piece  of  Wood  or  Stone  to  be 
iflejAjr-'d,  and  luppofe  a  Tub  32  In^-hes  Diameter, 
into  which  let  the  Stone  or  Wood  be  put,  and  covered 
with  vVater ;  then,  when  the  Solid  is  taken  oat,  fup- 
pnfe  the  Fall  of  the  Water  14  Inches ;  S<]iiarp  12,  and 
multiply  the  Square  by  .7854,  the  Produft  vvill  be 
804  2496,  the  Area  of  the  Bafe  ;  which  multiplied 
by  14,  the  Depth  or  Fall  of  the  Water,  and  the  Pro- 
du(5t  is  11259.49,  t^c.  which  divided  by  1728,  the 
Quotient  is  6.5 1  Feet  j  and  (o  much  is  the  folid  Con- 
Cent  required. 


CHAP. 
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C  H  A  P.     V. 

Praflical  Shiefi'.ons  in  Measuring. 


^tejlion  I.  T  F  a  Pavement  be  47  Feet  9  Inches  long, 
X.  and  iS  Feet  6  Inches  broad,  I  demand 
how  many  Yards  arc  contained  in  it? 


F.  I. 

47  9 
18  6 

6 
0 
0 

F. 

47-75 
18.5 

376  0 

47 

23  10 

4  6 

23875 
38200 

4775 
9)883-375 

883     4    6  98.1 

Anfwer,  98  Yards  1  Foot. 


^«r/. 
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^eji.  2.  Therfi  is  a  Room,  whofe  Length  is  21.5 
Feet,  and  the  Breadth  17.5  Feet,  which  is  to  be  paved 
with  Stones,  each  18  Inches  fquare  j  I  demand  how 
many  fuch  Stones  will  pave  it  ? 


21.5  1.5 

17.5  ^      1.5 


1505  15 


215 


3.25)376.25(167 


1.25  Area  of  one  Stone, 


Anfwer,  167  Stones, 

j^(/?.  3,  There  is  a  Room  109  Feet  9  Inches  about, 
and  9  Feet  3  Inches  high,  which  is  all  (except  two 
Windows,  each  6  Feet  6  Inches  high,  and  5  Feet  9 
Inches  broad,  to  be  hung  with  Tapeftry  that  is  Ell- 
broad  ;  I  defire  to  know  how  many  Yards  will  hang 
the  faid  Room  ? 

From  the  Content  of  the  Room,  fubtrafl  the  Con* 
tent  of  the  Windows,  and  divide  the  Remainder  by 
the  fcjuare  Feet  in  a  Yard  of  Tapeftry, 


375 
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3  75          ^0975    '*^ngth.  5.7^ 

3              9  25     Teadth.  6.5 

11.25            5^-^75  28:5 

3'!;5o  3450 

98775  

37-375 


1015  1875  Content  of  the  Room.                  2 
7475       Content  of  tiie  Wind.  fub.    

74750 


11.25)940  4375(83-59 

4^1-3 
6087 

10625 


500 
Anfwer,  83.59  Yards. 

^^/?.  4.     Tf  the  Axfs  of  a  Globe  be  27.5  Inches ; 
I  demand  the  Content  folid  and  fuperficial. 

3.1416 

27.5 


157080 
219912 
62831 


86.39400  the  Circumference. 


S6.394 
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86.394  the  Circumference. 
27.5  the  Diameter. 

431970 
604758 
172788 


6)2375.8350  the  fuperficial  Content, 

395.9725  a  fixth  Part. 

27.5 


19798625 
27718075 
7919450 


10889.24375 

K    r  f    6.3      Feet  folid. 

\_  10  49  feet  iuperficiai. 

^eji,  5.  There  is  the  Fruflum  of  a  Glebe,  the 
Diameter  of  whofe  Bafe  is  24  Inches,  and  its  Alti- 
tude 10  Inches;  What  is  the  Content  folid  and  fu- 
perficial ? 

Find  the  vSuperficies  as  dircdcd  in   Page  ico^  and 
the  Solidiiy  by  the  firft  Theorem  in  Page  192. 
-24  -7854  •<-?'54  ^o 

24  57^  ^^^  ^^ 

96  47' -4  785400  100 

48  54978 

*= 39270 

576 


452-39041  add. 
78.54      J 

530.9304  the  Curve  Superficies.^ 
452.3904  the  Bafe  add. 

Q»       ^   n   f  the  whole  fuperficial  Con= 
9  ''3-3^   ^  "l^      tent  in  Inches. 


12 
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izx  12=144 
1 


432 

100  the  Square  of  the  Alt.  add, 

532  the  Sum. 

io  multiply  by  the  Alti 

5320 

5236  multiply. 


31920 
15960 
10640 
26600 


2785.5520  the  Solidity  in  Inches. 
^e;}.  6.  If  a  Tree  girt  18    Feet  6  Inches,  and  be 
24  Feet  long ;  How  many  Tons  of  Timber  are  con- 
tained in  that  Tree  ? 
F.     I. 
4)18     6  the  Girth. 


47     6  a  4th  Part.       _ 
476 


18     6     o 
2846 

239 


21483  Here  I  mulrip!>'  by  6  and  by 
6      4,  becaufe  6  ;Imes  4  is  24, 


128     416 

4 

4W5H3     460 


i2  33 
Anfwer,  \z  Tons  33  Feet  4  Inches  6  Parts, 
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Note,  Tliat  40  Feet  of  Timber  is  a  Ton,  and  50 
Fef  t  a  Load. 

Note  al/oy  That  4  Feet  broad,  4  Feet  deep,  and  8 
Feet  long,  is  a  Chord  of  Fire- wood,  that  is,  iz%  cu- 
bical F-eet. 

^ej}.  7,  There  Is  a  Cellar  to  be  dug  by  the  Floor, 
the  Length  of  which  is  33  Feet  7  Inches,  and  the 
Breadth  18  Feet  9  Inches,  and  its  Depth  is  to  be  5 
Feet  9  Inches;  I  demand  how  many  Floors  of  Earth 
are  in  that  Cellar? 


F. 

I. 

3^ 

7 

the  Length, 

18 

9 

the  Breadth. 

264 

lb 

9 

6 

8 

4 

9 

9 
I 

0 
6 

0 
0 

629 
5 

8 
9 

3 

0  the  Depth, 

3'48     5     3 
314  10     I 

^57     5* 
324)3620     8     5(11 

380 

Anfwer,  11  Floors,  56  Feet,  8  Inches,  5  Parts. 

NotCi  That   18  Feet  fquare  an3  a  Foot  deep  is  a 
Floor  of  Earth,  that  is,  324  folid  Feet. 


i 
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'J>ueJ}.  8  There  is  a  Root  covered  with  TiKs, 
whole  Depth  on  both  Sides  (with  the  uCual  Allow- 
ance at  the  Eaveb)  is  35  Feet  6  Inches,  and  the 
Length  48   Feet  9  Inches ;    How  many   Scjuares  of 


Tiling  are  contained  in  it? 


F.     I. 


48 

9 

35 

6 

240 

144 

24 

4 

6 

»7 

6 

0 

8 

9 

0 

17J30     7     6 
Anf>^ef,  17  Squares,  30  Feet,  y\  Inches.  ' 

S^ueJ}.  6.  There  is  a  Cone,  the  Diameter  at  the 
Bafe  being  42  Inches,  and  the  perpendicular  Heii^ht 
9  |.  Inches;  and  it  is  required  to  cutofFt^o  folid  Feet 
from  th'-'  Top-end  of  it ;  I  demand  what  Length 
upon  the  Perpendicular  muH  h:  cut  off? 


E  b  2 
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42  17Z8              94 

42  2              94 

84  3456            376 

j68  846 

1764  8836  Square. 

,7854  94. 

705<5  353H 

8820  79524 

"    14112  _ 

12348  830584  the  Cube, 

1385.4456 

94 


55417824 
124690104 

3)130231.8864 

434IO.6283 

All  the  folid  Bodies  are  m  the  triplicate  Ratio  of 
their  homologous  Sides,  by  Eucl,  12,  12;  12,  \%\ 
and  II,  33  :    Therefore  it  will  be. 

Solidity  of  the  Cone.     Cub.  Alt.     Solidity  of  2  Feet. 
43|i0.6288     :     830584     :   :     3456     ;v 

345^ 

4983504 
4152920 

332233^ 

2491752 


43410.6288)2870498304(66124  the  Cube  cf  the 
,  ,  .  -. 1 —  (Length. 

265860576 
539680320 
1055740320 
1875277440  6UI24 
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• 


66124(40.43 
64 

2124000  Refolvend, 


12 

48 


492  Divifor. 

120 

4800 


48120  Divifor. 

64 

1910 
1920J 


1939264  Subtrahend, 
184736000  Refolvend. 

1212 

48964S 


4897692  Divifor. 


27 

10908 
1468944 


147003507  Subcrahend, 


3771^91 


jinf^ver.  The  Length  upon  the  Perpendicular  mufl 
be  40.43  Inches,  if  it  had  been  3  Feet,  tne  Length 
had  been  46.29  Inches. 

B  b  3  If 
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Jf  two  Feet  were  to  be  cut  off  from  the  Bottom,  or 
greatell  End,  then  from  43410.6288  fubtract  3456, 
and  the  Remainder  is  39954.6288.     Then  fay, 

43410.6288  :  830584  :  :  39954.6288 

830584 


I598I85I52 

3196370304 

1997731440 
11986388640 
3196370304 

0.6288)33185675407.21 

92(7644591 

279823524 

729 

19359751 

35459 

J995500 

259075 

27 

42022 

243 

2952 

2457 

271 

243 

24571 

10888000 

273 
24843 

248703 

Jnfwery  Itmuft  be  cut  at  91.4  Inches  from  the 
Top,  or  2.6  Inches  frjm  the  Bottom. 


^ej}. 
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^eji>  10.  If  a  fqaare  Piece  of  Timber  be  12  Feet 
long,  and  if  the  Side  of  ilie  Square  of  the  greater 
Bafe  be  21  Inches,  and  the  Side  of  the  Square  of  the 
leffer  Bafe  be  3  Inches ;  How  far  mull  I  meafure  from 
the  greater  End,  to  cut  off  five  folid  Feet  ? 

Firll  find  the  Length  of  the  whole  Pyramid,  thus  ; 
the  Difference  between  21  and  3  is  18  :   Then, 
Diff.  Lengih.  great.  Length, 
As  18   :    12   :   :   21    :    14. 

So  I  find  the  whole  Length  of  the  Pyramid  to  be  14 
Feet,  or  168  Inchts. 

The  folid  Content  of  the  whole  Pyramid  is  24696 
Inches,  and  the  folid  Content  of  5  Feet  is  8640  ; 
which  fubtradled  from  24696,  there  remain  16056 
Inches.  Then,  the  Cube  of  168  (the  Length)  is 
4741632.     Then, 

24696  :  4741632  :  :   16056  : 
3082752,   whole  Cube  Root  is  145.54;   fubtradl  this 
Root  from  168  (ihe  Length)  and  there  remains  22.46 
Inches,  which  is  the  Length  of  5   folid  Feet  at  the 
great  End. 

^efl,  II.  Three  Men  bought  a  Grind-ftone  of 
40  Inches  Diameter,  which  coil  20  Shillings  ;  of 
which  Sum  the  firft  Man  paid  9  Shillings,  the  fecond 
6  Shillings,  and  the  third  5  Shillings;  1  demand  how 
much  of  the  Stone  each  Man  muft  grind  down,  pro- 
portionable to  the  Money  he  paid? 

All  Circles  are  in  the  duplicate  Ratio  of  their  Dia- 
Xieters,  by  EucL  12,  2. 

S<iuare  the  Semidlameter,  which  makes  400.  Then 

8.     Square,     s. 

20  :  400  :  :  9  :   i8o. 

This  180  is  the  Square  of  the  Semidiamctcr  of  the 
Circle  belonging  to  the  firll  Man, 

3  And, 
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s«  s. 

And,  20  :  400  :  :  6  :   120. 

This  120  is  the  Square  of  the  Semidiameter  of  th€ 
Circle  belonging  to  the  fecond. 

s.  s. 

And,  20  :  400  :   :  5   :   100. 

This  100  is  the  Square  of  the  Semidiameter  of  the 
Circle  belonging  to  the  third. 

Then,  from  400  (the  Square  of  the  Semidiameter 
of  the  Stone)  fubtrad  i8oj  and  there  remains  220, 
whofe  fquare  Root  is  1483  laches;  which  fa  biraited 
from  20  Inches,  (the  Semidiameter,)  there  remain 
5.17  Inches,  which  is  the  Breadth  of  the  Ring,  or 
Part  of  the  Stone  which  mufl  be  ground  down  by  the 
firll. 

Then,  from  220  fubtra<5l  120,  and  there  remains 
100,  whofe  fquare  Root  is  lO;  fubtraci  that  from 
1  :  83,  and  there  remains  4.83  inches,  the  Breadth 
of  the  Ring,  or  Part  to  be  ground  down  by  the  fe- 
cond  Man.  The  third  mutl  gcind  down  tae  Re- 
mainder, which  is   10  laches,    the   fquare  Root  of 

iOO. 

This  Qneftion  may  very  eafily  and  fpeedily  be  per- 
formed geometrically,  as  in  the  annexed  Scheme. 


Fir.1, 
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FIrfl,  upon  the  Center  O  ftrlke  the  Circle  ABCD, 
and  crofs  it  at  right  Angles  with  the  two  Diameters 
A^  and  CD  :  Then  divide  the  Seinidiameter  A  O 
(which  fuppofe  20)  in  Proportion  to  9s.  6s.  and  55, 
(the  feveral  Sums  paid  by  the  three  Men)  by  the 
Point  E  and  F ;  fo  Ihall  AE  be  9,  EF  6,  and  F  ©  5  : 
Then  divide  EB  into  two  equal  Pans  in  d,  and  upon  d, 
as  a  Center,  flrike  the  Semicircle  E  a  B  ;  and  divide 
FB  into  two  equal  Parts  in  c,  and  upon  c,  as  a  Center, 
with  the  Radius  cF,  ftrike  the  Semicircle  FbB  :  So 
have  ycu  ihe  Semidiameter  O  C  divided  into  three 
fuch  Parts  as  the  Stone  ought  to  be  divided  ;  and  Cir- 
cles, rtruck  through  thofe  Points,  will  fhew  how  much 
each  Man  mufl  grind  for  his  Share 

^ejL  12.     A  Gard'ner  he  had  an  upright  Cone, 
Ouc  of  which  Ihould  be  cut  him  a  Rollidg  Hone, 

The  biggclt  that  e'er  it  could  make  : 
The  Mafon  he  faid,  That  thf-re  was  a  Rule 
For  fucli  fort  of  Work,  but  he  had  a  thick  Skull : 
Now  help  him  for  Pity's  Sake. 

JjifiveVf  It  mull  be  cut  at  one- third  Part  of  the  Al- 
titude. 
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^eft.  13.  There  is  a  Ciilern,  whole  Depth  is  fevea 
Teiuhb  of  the  Width,  and  the  Length  i:  6  times  the 
Depth,  and  the  folid  Capacity  ii  367.5  Fett  ;  I  de- 
mand the  Depth,  Width,  and  Length,  and  hovv  many 
Bufhcls  of  Corn  it  will  hold  ? 

Firft,  you  mud  find  three  Numbers  in  Proportion 
to  the  Depth,  Wi-dth,  and  Length,  thus :  Suppofe  the 
Depth  7,  then  the  Width  will  be  10,  and  the  Length 
42;  which  multiplied  together,  the  Produdis  2940, 
which  is  the  folid  inches  in  a  Ciilern,  whofe  Depth  is 
7,  Width  10,  and  Length  42.  But  the  folid  Inches  in 
the  Quertion  are  635040  (=1367.5x1728)  then  the 
Cube  of  the  luppofed  Width  is  1000..   So  it  will  be, 

2940  :  1000  :  :  635040  :  2160CO,  whofe  Cube 
P.ooi  is  60,  which  is  the  true  V/iuth  ;  7  Tenths 
thereof  is  42,  the  Depth  ;  and  6  tirre:>  42  is  252 
Inciics,  the  Length;  whicfr  three  Numbers  being 
multiplied  together,' the  Produdl  will  be635040.  \i 
th'vfe  folid  Inches  be  divided  by  2 15c. 41,  and  the 
Quotient  is  295  ^^^^V-^^  Buihels,  cr  36  Quarters  7 
Bullieis  1  Peck  4  Pints.  And  iomuch  will  the  Cif- 
tern  hold. 

^ej},\\.   Scppcfe,  Sir,  a  Bufhel  be  exactly  round, 
"W  hofe  Deptn  being  meafur'd,  8  laches  is  found  ; 
If  the  Breadth  18  Inches  anc  half  you  difcover, 
1  his  Bufhel  is  legal  all  England  over. 
Bu:  a  Wcrkman  would  make  one  of  another  Frame; 
Sev'n  Inch  and  a  half  muR  be  the  Depth  of  the  fame; 
Now,  Sir,  of  what  Length  m uft  the  DiamiCter  be. 
That  it  may  with  the  farmer  in  IVkafure  agree? 


18.5 
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2Z7 


18.5 

18.5 

925 

1480 

185 

ths 

342  25 

Square 

I369CO 

I7I125 

273800 

23957s 

' 

268.803150 
8 

.2150  425200  the  Solid  Inches  in  a  Bufliel. 
7.5)2150  4252(286.72336 


650 

504 
542 

252 
450 


.7854 
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•  •     •  • 
.7854)286.72336  )365. 0666(19. 107 


5,103  

39793  29)265 

5236  261 

381)406 

38207)256666 

Jnfiuer,  The  Diameter  muft  be  19.107  Inches,  if 
the  iSepth  be  7.5  Inches, 

^ej}.  15.     In  the  Midft  of  a  Meadow  well  ftored 

with  Grafs, 
I  took  juft  an  Acre  to  tether  my  Afs ; 
How  long  muft  the  Cord  be,  thai  feeding  all  round. 
He   may'nt  graze  lefs   nor  more  than  his   Acre  of 

Ground  ? 

By  Problem  10.  Section  IX.  Chap.  I.  find  the  Dia- 
meter of  a  Circle  containing  an  Acrej  half  that  will 
be  the  Length  of  the  Cord. 

The  Work. 

660  Feet,  the  Length  of  an  Acre. 
66  Feet,  the  Breadth  of  an  Acre. 

3960 
3960 

43560  the  fcjuare  Feet  in  an  Acre, 


At 


Chap.  5.         Pra&ical  ^lejlions.  a 39 

As  1    ;    1.2732    :   :  43560 
43560 


763920 
63660 
38196 

50928 

^35-5 

Diami 

•         •         • 

5546o.592o(: 

»ter 

4                — 
1 1 

43)»54 

7-75 

half. 

129 

465)2560 

2325 

4705)23559 

23525 

34 

Atif^er^  The  Cord  mull  be  117  Feet  zrx^,  9  Inches. 


^  c  ^(Jf, 
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%^?.  1 6.  A  Maltfter  has  a  Kiln,  that  is  i6  Feet 
6  Inches  fquare;  but  he  is  minded  to  pull  it  down, 
and  build  a  new  one,  that  may  be  big  enough  to  dry 
three  times  as  much  at  a  time  as  the  old  one  will 
do;  I  demand  how  much  fquare  the  new  one  mult 
fee  I 

16.5 

16.5 


272.25  the  Area  of  the  old  one, 
3 


816.75(28.57 
4 


48)416 
3^4 


565)3275 
2825 


5707)45000 
39949 


5051 


Jnfwer,  The  Side  of  the  new  one  muft  he  28  Feet 
and  near  7  Inches, 


^Uifi. 
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Pusji.  17.  If ''I  round  Ciilcrn  be  26.3  Inches  dia- 
meter, and  52.5  Inches  deep;  How  many  Inches  dia- 
meter muft  a  Ciltern  be  to  hold  twice  the  Quantity,, 
the  Depth  being  the  fame  ?  And  how  many  Ale  GaU 
Jons  will  each  Ciilcrn  hold  ? 


691.69  Square, 
2 


i383-38(37-»9 
9 


6;)483 
469 


74OH38 
741 


7429)69700 
66861 


2839 
The  Diameter  of  the  greater  is  37.19  IncheSj?. 


Q  ^.Z  691.69, 


2^2  F radical  ^eflicns.        Part  If. 

691.69  the  Square  of  the  lefTer  Cif- 
.7854  (tern's  Diameters. 

276676 

345845 

553352 
484183 


543.253326  Area  o         Bafe. 
52.5 


2716266630 
1086506652 
2716266630 


28520-79961 50  folid  Content  in  Inchcii 
282)28520.799(101,137  Gallons* 

320 
387 
J  059 
2139 

Note,  That  282  folld  Inches  is  ah  Ale  or  Beer  Gal- 
lon, and  231  a  Wine  Gallon, 

And  359.05  is  the  Square  of  the  Diameter  of  a 
Circle  that  will  hold  a  Gallon  of  Ale  at  an  Inch  deep, 
and  ^94. 1 2  for  Wine. 


Yott 
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You  may  find  the  Content  in  Gallons,  thus :  Di- 
vide the  Square  of  the  Diameter  by  359-05 ,  and  mul- 
tiply the  Quotient  by  the  Depth. 

359.05)1383.38  (3.853 

52.5 


306230 
18990  19265 

1037  7706 

19265 

The  Content  of  the  greater,  202.2825   Gallonso 

^lej}.  18.     If  the  Diameter  of  a  Caflc  at  the  Bung. 
be   32  Inches,  and  at  the   Head    25  Inches,  and  the 
Length  40  Inches ;  How  many  Ale  Gallons  are  con- 
tained therein  ? 

2;  32 

25  32 

125  64 

50  96 

625  1024  Square  of  the  Bung  Diameter« 

1024  the  fame. 
625  Square  of  the  Head  Diameters 


)2673 

5190 
8820 

(2.48 
40 

99.20 

204 

jinf<iver, 

99. 

2  Gajlons, 

C  c  3  Other* 
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Otherwlfe  you  may  find  a  mean  Diameter,  and 
work  by  Scale  and  Compafles,  thus :  Subtract  25  from 
32,  and  there  remains  7,  which  multiplied  by  .7,  the 
Produdl  is  4,9,  which  added  te  25,  the  Sum  is  29.9. 
Then  extend  the  Compafies  from  18.95  ^°  29.9,  that 
Extent  turned  twice  from  40  (the  Length)  will  fall 
upon  99-6  Gallons;  fomething  more  than  before. 

^lej}.  19.  There  is  a  Stone,  20  Inches  long,  15 
Inches  broad,  and  8  Inches  thick,  which  weighs  217 
Pounds;  I  demand  the  Length,  Breadth,  and  Thick- 
nefs  of  another  of  the  fame  Kind  and  Shape,  which 
weighs  iooo  Pounds? 

The  Cube  of  20  (the  Length)  is  Booo.  Then  (by 
Euch  II.  33) 

217  :  8000  :  :  1000  :  36866.3994,  whofe  Cube 
Root  is  33-28  Inches,  the  Length  of  the  Stone  weigh- 
ing IOOO  Pounds.     Then  fay, 

20  :   33.28  :  :   15  :  24.96 
20  :  33.28  :   :     8  :   13.312 


Anfiver^ 


The  Length 
The  Breadth 
The  Thicknefs 


33-28 
24.96  , 

13-3^2. 


Inches. 


^ej}.  20.  If  an  Iron  Bullet,  whofe  Diameter  is  4 
Inches,  weighs  9  Pounds ;  What  will  be  the  Weight 
of  another  Ballet  (of  the  fame  Metal)  whofe  Diameter 
is  9  Inches  ?  . 

The  Cube  of  4  is  94,  and  the  Cube  of  9  is  729, 
Then  (by  End.  12.  18.) 

lb.  IB, 

64  :  9  :   :  729  :   102.515. 
lb»    oz.  dr. 
Anf^jeTf  It  weighs  10s     8    ^ferh 


^ue/f. 
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^uejf.  21.    There  is  a  fquare  Pyramid  of  Marble 
each  bide  of  its  Bafe   is  ^  Inches,  and  the  Height  15 
Inches,  and  its  Weight  is  12  Pounds  and  a  Quarter; 
I  demand  the  Weight  of  another  like  fquare  Pyramid, 
each  Side  of  whole  Bafe  is  30  Inches  ? 

.The  Cube  of  5  is  125,  and  the  Cube  of  3013  27000^ 
Then  (by  Eucl.  i  2.  12.) 

lb.  Ih. 

125   :   12.25   "   •   27^*00  :   2646. 
Anfiver,  The  Weight  is  2646  Pounds. 

^leji.  22.  There  is  a  Ball  or  Globe  of  Marble, 
\\hoie  Diameter  is  6  Inches,  and  its  Weight  11 
Pounds ;  What  will  be  the  Diameter  of  another  Globe 
of  the  fame  Marble,  that  weighs  500  Pounds  ? 

The  Cube  of  6  is  216.     Then, 
IL  lb. 

II    :   216   :   :   500   :  9818. 1818,  &c. 
W^hofe  CubeRootis2i.4  Inches,  theDiameterfought, 

^eji.  23.  There  is  a  Fruftum  of^  Pyramid,  whofe 
Bafes  are  regular  O6lagons;  each  Side  of  the  greater 
Bafe  is  21  Inches,  and  each  Side  of  the  lefler  Qi(q  is 
9  Inches,  and  its  Length  is  15  Feet;  I  demand  how 
many  folid  Feet  are  contained  in  it? 


4.8284 
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4.8284  the  tabular  Number,  Page  85. 
237  the  Square  of  a  mean  Side. 


337988 

21  ' 

12 

144852 

9 

12 

96568 

• 

189 

3) '4+ 

1 144.3308 

48 

15 

■^  *?  ^ 

48 

237 

57216540 

11443308 

- 

.)  17164.9620(119.2 

•  •  •   • 

276 

3324 

289 

I 

Anfwery  119.2  fclid  Feet. 

^efi.  24.  There  is  a  Fruftum  of  a  Cone,  the  Dia- 
meter of  the  greater  Bafe  is  30  Inches,  and  the  Dia- 
meter of  the  lefier  Bafe  is  20  Inches,  and  the  Length 
or  Height  is  2  j  5  Inches;  1  demand  the  Length  and 
folid  Content  of  the  whole  Cone,  and  alfo  the  folid 
Content  of  the  given  Fruftum  ? 

Pirft,  Find  the  Length  of  the  whole  Cone,  thus :. 
From   36 
Subtr.  20 

16  :  215  :  :  36  :  483.75. 

So  the  Length  of  the  whole  Cone  is  483  J  Inches, 
andj  cf  it  is  161.25  Inches. 

Then 


Chap.  {.         Pra5fical  ^ejlioris.  297 

Then  find  the  Content  of  the  whole  Cone. 
36  1017.8784 

36  52.161 


216 

108 

IOJ78784 

6107270 

101788 

1296 

.7854 

20357 

5089 

5184 

6480 
10368 
9072 

1728)164132.88 

8612 

17008 
14568 

744 

Thus  I  find  the  Solidity  of  the  whole  Gone  94.98 
Feet. 

Then  find  the  folid  Content  of  the  Top-part  that 
iswanting :  Thus, 

Whole  Length  of  the  Cone         ■  ■        483.75 

Length  of  the  Fruftum  ■  1  215. 

Length  of  the  Top-part  ■■umi  268.75 


.7854 
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.7854       the  Area  of  Unity. 
400  the  Square  of  20. 


3)314.1600  Area  of  the  lelTer  Eafe. 


104=72       a  third  Part. 

268.75       Altitude  of  the  Top-part. 


52360 

73304 
83776 

62832 

20944 


1728)28143.5000(16.28  Feet* 

10863 

495:5 
14990 


1166 

Feet. 
Content  of  the  Whole  94.98 

Content  of  the  Top-piece         16.28 

Contentof  the  Frullum  78.7 

^ej}.  25.  If  the  Top-part  of  a  Cone  contains 
26171  folid  Inches,  and  200  Inches  in  Length,  and 
the  lower  Fruftum  thereof  contains  159610  folid 
Inches ;  I  demand  the  Length  of  the  whole  Cone, 
and  the  Diameter  of  each  Bafe  ?     . 

200        '596'°)  add. 

200  26171 J 


40000      185781  the  Sum, 

200 


8000000 


26171 
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26171  :  8000000  :  :  185781  :  56789881.93, 
whofe  Cube  Root  is  384. 3  Inches,  the  Length  of  the 
whole  Cone. 

Then  find  the  Diameter  of  the  Ic/Ter  Bafe,  thus: 
200)26171 


130.855 
3 


392.565  Area  of  the  le/Ter  Bafei 

Then,  by  Prob.  X.  Sea.  IX.  Chap.  I. 
I   ;   1.2732   :   :  392.565 

r.2732 


785130 

1177695 

2747955 
785130 

392565 


499.8137580(22.356 
4 

42)99 
84 


443)»58i 
1329 


4465)25237 
22325 


44706)291258 
268236 
■■   ■  ■ 

23022 


Ag.iin; 
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LefTer  Len.  Leil.  Diam.  Gr.  Leng.  Gr.Diam. 
Again;  200  :  22.356  :  :  384  :  42.957. 

Inches, 
r The  Length  of  the  whole  Cone      384.3 
Artpvoery  <  The  Diameter  of  the  greater  Bafe  42.957 
^The  Diameter  of  the  ieiler  Bafe     22.35 

^eji.  26.  There  is  a  Fruflum  of  a  Cone,  whofe  folid 
Content  is  20  Feet,  and  its  Length  12  Feet;  and  the 
greater  Diameter  bears  fuch  Prcportion  to  the  lelTer 
as  5  to  2  ;  I  demand  the  Diameters  ? 

5X5=25  3)12 

2X2Z1    4  

5X2=10  4)20(5  Feet. 

The  Sum  39  Thefe  5  Feet  are  the  Triple 

of  a  mean  Area. 

Then,   i    :   1.27324  ^   :  5   :  6.3662. 
So  the  triple  Square  of  a  mean  Diameter  is  6.3662. 
Then,  39  :  6.3662  :  :  25   :  4.030897. 

This  4.080897  is  the  Square  of  the  greater  Dia- 
meter, whofe  fquare  Root  is  2.020123  Feet;  which 
is  24.24147  Inches.     Then, 

5  :  24.24147  :  :  2  :  9.69659 

So  the  greater  Diameter  is   24.24147,  and  the  lefler 
Diameter  is  9.69659  Inches. 

^ej?.  27.  There  is  a  Room  of  Wainfcot  129  Feet 
6  Inches  in  Circumference,  and  16  Feet  9  Inches 
high  (being  girt  over  the  Mouldings;)  there  are  two 
Windows,  each  7  Feet  3  Inches  high,  and  the  Breadth 
of  each,  from  Cheek  to  Cheek,  5  Feet  6  Inches;  the 
Breadth  of  the  Shutters  of  each  is  4  Feet  6  Inches  ; 
the  Cheek-boards  and  Top  and  Bottom-boards  of  each 

Window, 


Chap.  £.         P radical  ^lejl ions.  301 

Window,  taken  together,  is  24  Feet  6  Inches,  and 
their  Breadth  i  Foot  9  Inches  ;  the  Door-cafe  7  Feet 
high,  and  3  Feet  6  Inches  wide  ;  the  Door  3  Feet  3 
Inches  wide  ;  1  demand  how  many  Yards  of  VVainfcoc 
are  contained  in  that  Room? 

129     6  7     3 

169  46 


782  0 
129 
6-}.  9 

32  4 

6 
6 

6  half. 

29  0 
3  7 

6 

32  7 
16  3 

6 

9  half, 

2169  I 

48  11 

3 
2 

F.  I. 

3  3 
7  0 

97  10 
F.  I. 
24  6 

I  9 

6 

22  9. 
II  4 

24  6 

18  4 

6 

34  I 
F  I. 

6 

42  10 

6 

2 

7  3 
5  6 

85  9 

F.  I. 
3  6 
7  0 

0 

3^  3 
3  7 

6 

39  JO 

6 

2 

24  61 
79  9  j 

•  add. 

79    9     o  104  3  dedudl. 

D  d  The 


Pa 

rt 

IT. 

2169 

I 

6 

97 

10 

6 

34 

I 

6 

85 

9 

0 

J  02  FraSficdl  '^lejilons. 

The  Content  of  the  Room 
The  Shutters,  at  Work  and  half 
The  Door,  at  Work  and  half 
The  Cheek- boards,  tJc. 

The  Sum  2386  10     6 
The  Window-lights  and  \ 

Door-cafe  dedu^        J        104     3     © 

9)2282     7     6 

^S3     5 
j^n/kver,  253  Yards  5  Feet. 

^teji,  28.  There  is  a  Wall  which  contains  18225 
Cube  Feet,  and  the  Height  is  5  times  the  Breadth, 
and  the  Length  8  times  the  Height;  What  is  the 
Length,  Breadth,  and  Heighc? 

Suppofe  the  Breadth  2,  then  the  Height  muft  be 
10,  ?.nd  the  Length  80;  which  three  Numbers  mul- 
tiplied together,  the  Product  will  be  i6co,  and  the 
Cube  of  2  is  8  :  Then  fay, 

1600  :   8   :   :    18225   :  91.125. 

Then  the  Cube  Root  or9i  .125  is  4.5,  which  is  the 
Breadth;  then  5  times  4.5  is  22.5,  the  Height;  and 
8  times  22.5  is  180,  Ihe  Length. 

^lej},  29.  There  is  a  May-pole,  whofe  Top-end 
was  broken  ofFby  a  Blaft  of  Wind,  and  the  Top-end, 
in  falling,  firuck  the  Ground  at  15  Feet  Diftance 
from  the  Top  of  the  May-pole,  the  broken  Piece 
was  39  Feet;  Now  1  demand  the  Length  of  the 
May-pole  ? 

By  Eucl.  I.  47,  the  Square  of  the  Hypotheneufe  of 
a  right-angled  'rri:inglc  is  equal  to  the  Sum  of  the 
Squares  of  the  Bafe  and  Perpendicular. 

There- 
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Therefore,  from  the  Squnre  of  39  fubtra(5l  the 
Square  of  ic,  tHe  Square  Jv.oot  of  the  Remainder  is 
the  Piece  Handing  ;  to  which,  add  she  Piece  broken 
oif,  and  you  have  the  whole  Lengch. 


39 

39 

15 

?5« 

i»7 

75 
15 

1521 
22c 


225 


66)396 
396 


•  •  • 


The  Piece  ftanding  is 
The  Piece  broken  off  Is 

The  whole  Length 


36  Feet. 
39  Feet. 

75 


^ejiion  30. 

A  May-pole  there  was,  whofe  Height  I  would  know^ 
The  Sun  (hining  clear,  ftrait  to  work  I  did  go: 
The  Length  of  the  Shadow,  upon  level  Ground, 
Jull  fixry-five  Feet,  when  mealur'd,  I  found; 
A  Staff  1  had  there,  juft  five  Feet  in  Lengih; 
The  Length  of  it^  Shadow  was  four  Feet  One-tenth  : 
How  high  was  the  May-pole,  I  gladly  would  know,' 
And  it  is  the  Thing  you're  defir'd  to  ihow. 


D  d  i 


Br 


3^4 
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By  EucL  6.4. 
aA:Ab::AB ;BC 

That  is, 
4.1   :  5   :  :  65  :  79.26. 

So  I  iind  the  Height  of  the  May- pole  to  be  79  Feet, 
and  a  little  above  3  Inches. 


.« 


/4i 


*-~^ 


66 


a    A 


/C 


B 


Here  AB  reprefents  the  I^ength  of  the  Shadow  of 
the  May-pole,  r.nd  BC  the  May-pole;  a  A  the  Sha- 
dow of  the  Staif,  and  Ab  the  Sca-ff. 

^sj}.  31.  "What  will  be  the  Diameter  of  a  Globe, 
when  the  Solidity  and  fuperhcial  Content  of  it  are 
cqur.1  ? 

If  the  Diameter  be  i,  the  Solidity  will  be  .5236, 
and  the  Superficies  will  be  3.1416;  that  is,  as  i  to  6. 
And  to  find  the  fuperficial  Content,  we  muft  multi- 
ply 3.1416  by  the  Square  of  the  Axis  or  Diameter, 
and  the  Product  is  the  fuperficial  Content.  And  for 
the  Solidity,  multiply  .5236  by  the  Cube  of  the  Axis, 

the 
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the  Produdl  is  the  folid  Content;  therefore,  becaufe 
.5236  is  a  fixih  Part  of  3.1416,  we  n^uft  take  6  for 
the  Diameter  ("ought.  For  if  3.1  4.16  be  multiplied 
by  the  Square  of  6  ;  "v/x.  by  36,  the  Produft  will  be 
1 1  3.0976  ;  and  if  .  5  236  be  multiplied  by  the  Cube  of 
6;  "V/z.  by  216,  the  I'roduit  is  likewife  113.0976, 
the  Solidiiy  equal  to  the  Superficies. 

Therefore,  6  is  the  true  Anfwer. 

^ej},  32.  What  will  the  Axis  of  a  Globe  be,  when 
the  bolidity  is  in  Proportion  to  the  Superficies,  as  18 
to  ^i 

Becaufe  the  Solidity  and  Superficies  is  as  1  to  6 1 
when  the  Axis  of  the  Globe  is  1,  it  will  be 

8  :  18  :  :  6  :  13.5, 

So  the  Diameter  fought  13I, 

If  the  Proportion  of  the  Solidity  to  the  Superficies 
had  been  as  8  to  18,  then  it  would  be 

18  :  8  :  :  6  :  2|, 

So  then  the  Diameter  will  be  ^\^ , 

The  Reafon  of  thefe  Operations,  both  in  this  and : 
the  laft  Queftion,  is  from  Algebra, . 

^efi,  33.  There  are  three  Grenado-fhells,  offuch- 
Capacity,   that  the  fecond  Shell  will  juft  lie  in  the  * 
Concavity  of  the  firft,  and   the  third  in  the  Conca- 
vity of  the  fecond.     The  Solidity  of  the  Metal  of  the 
firll  Shell  is  equal  to  its  Concavity,  and  the  Solidity 
of  the  Metal  in  the  fecond,  to  the  Concavity,  is  as  7  • 
to  5.;  and    the  Solidity  of  the  third,  or  leailShell's 
Metal,  to  its  Concavity,  is  as  9  to  4.  Now,  fuppofing 
JheDiameter  of  the  iirft,  or  greatell  Shell,  to  be  16  ■ 

I^  d  3  Inches, 
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Inches,  and  allowing  every  folid  Inch  of  liron  to  weigh 
4  Ounces ;  I  demand  the  Diameter  of  the  two  lefler 
Shells ;  and  the  '1  hicknefs  and  Solidity  of  Metal  of 
f:,v^Yy  Shell  ;  and  alio  the  Weight  of  every  Shell  I 

The  Cube  of  1 6  is  4096  ;  then, 

I   :   .5236  :  :  4096  :  2144.6656. 

The  half  thereof  is  1072. 332S,  which  is  the  Solidity 
of  ihe  Metal  of  the  greater  Snell,  as  alfo  the  Coaca- 
vity. 

.5236  :    I   :   :    1072.3328  :   2048. 

The  Cube  Root  of  2048  is  12.699,  which  is  the  Dia- 
meter of  the  fecond  Shell. 

The  Sum  of  7  and  5  rs  12  ;  then, 

12  :  5  :  :   1072.3328   :  446.805. 

This  446.805  Is  the  folid  Content  of  the  Concavity 
©f  the  fecond. 

.52-^6  :   I   :   :  446.805  ;  853.333. 

The  Cube  Root  of  853.333  159485,  the  Diameter 
of  the  le, ft  Shell. 

The  Sum  of  9  and  4  Is  13  ;  then, 

13  :  4  ;   :  446  805   :    137.47846. 

This  1^7.478461$  the  folid  Content  of  the  Concavity 
©f  the  thru. 

.5236  :   I   :  :   137.47846  :  262.5639. 

The  Cube  Root  of  2:2  5639  is  6.4034,  the  Diameter 

of  the  leall  shell's  Concavity. 

From       16         the  Diameter  of  the  greateft. 
Sulur.    12.699  the  Diameter  of  the  fecond. 

Kern.       3«;?oi 


Half  is=  1 .05  the  Thicknefs  of  Metal  of  the  greateft, 

From 
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Fr   ni     12.699  the  Diameter  of  the  fecond. 
Subt.       94^'?   tlie  Diaaieier  of  the  leaft. 

Rem.       32.4 

Halfisr:  1 .607  the  Thicknefs  of  Metal  of  the  fecond. 

From       9  485   the  Diameter  of  the  lead, 
SuDtr.     6  403   tne  Diameter  of  the  Concavity. 

Rem.       3.082 

Half iszi  1.54.1   the  Thicknefs  of  Metal  of  the  lead. 

The  Metal  of  the  greateft  is  1072.33  foiid  Inches  5 
which  divide  by  4  (becaufe  every  lolid  Inch  h  a 
Quarter  of  a  t^ouna)  the  Quotient  is  268.08  Pounds. 

The  Metal  of  the  fecond  is  625.52  folid  Inches; 
which  divided  by  4,  the  Quotient  is  156.38  Pounds, 
the  Weight  of  the  fecond. 

The  Metal  of  the  leafl  Shell  is  390.32  folid  Inches ; 
which  divided  by  4,  the  Quotient  is  77-33  Pounds^ 
the  Weight  of  the  ieall. 

The  Diameter  f  fecond  Shell    12.699'!,     , 
of  the  \  leall  bheii  9.485  /  ^^^^^^* 

The  Thicknefs  fgreatelt  165    1 

of  the  Metals  ie^  ond  1.607  \  Inches, 

of  the  l^ leaft  i»54'  J 

{'•  reared  268,08^ 

evond  M6.3H  I  Pounds, 
'C^ift  77-33J 
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APPENDIX. 


§  I.     0/  Gauging. 


I  SHALL  not  here  give  the  whole  Art  of  Gaugin 
(there  being  fev.  ral  Books  of  that  Art  alie^idy  ia 
Print,  written  by  belter  Hands ;)  but  Ihall  only* 
lay  down  fome  (hort  pr^ilical  Rules,  Hy  wh'ch  any 
Artificer,  or  others,  may  fii^d  the  Q^januty  of  Liquor 
in  any  Vcfi'fl  ui)on  Occallon. 


Problem    I. 

To  fnd  tbe/everal  Miilflpliers,  D^vi/o'rSy  ^nd 
Gauge-points^  belonging  to  thefeveral  Mea^ 
Jure 5  now  ufid  in  Lngland. 

282)  I. ocoo(. 003546  Multiplier  for  Ale  Gnllons. 
23  0  1 .0000(^.0047  ?9  Multij^iier  fi.r  Wine  Gallons. 
268.8)  r  ooo(. 0037202  Multip'ier  for  Lorn  Gallons. 
2150.42)  I. ooo(. 00040502  MuhipL  tor  Corn  Builiels, 

'*"So,if  the  fo'id  In   hes  in  any  Veflel  be  multiplied 
by  the  faid  Mukipliersj  the  Product  will  be  Gallon* 

ia 


j^ppendix. 
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in  the  refpef^ive  Meafures ;  or  dividing  by  the  Di- 
vifors  282.231,  or  268.8,  the  Quotient  will  likevvife 
be  Gallons. 

NotCy  That  282  folid  Inches  is  a  Gallon  of  Ale  or 
Beer-mcafure  ;  23  i  folid  Inches  is  a  Gallon  of  Winc- 
meafure  ;  268,8  folid  Inches  is  a  Gallon,  and  2150.42 
iolid  Inches  is  a  Bufhel  of  Corn-meafure, 

For  circular  Areas,  the  following  Multipliers  and 
Divifors  are  to  be  ufed. 

282). 78539S(. 002785  Multiplier  for  Ale  Gallons. 
23i).785398(.oo34  Multiplier  for  Wine  Gallons, 
.785398)282.(359  05  Divifor  for  Ale  Gallons. 
.785398)23  1.(294..  r  2  Divifor  for  Wine  Gallons. 
.785398)2150.42(2738  Divifcr  for  Corn  Bulliels. 
The  Square  Root  of  the  Divifor  is  the  Gauge-point. 

16.79 
15.2 

46-37 


n-i      ^  .   ^       Ale-mc;afure,  is 

1  he   Gauee-point      ,xr      ^     r        • 

r     r     ^    ^.  ^  Wine-mesiure,  13 
ior  bquares  in         t^/t  u  u  a,  i    • 
^  Malt-bumel,  is 

Ale-meafure,  is 
Wine-meafure,  is 
^Malt-bufhel,  is 


The   Gauge-point 
for  circular  Fi-  ' 
gures  in 


18.95 
17.15 
52.32 
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Problem    II. 

To  find  the  Area  in  Ale  or  Wine  Gallons^  of 
any  re5lilineal plain  Figure^  whether  Trian^ 
gular,  ^adrajigular^  or  Multangular. 

TO  refolve  this  Problem,  you  muft,  by  Chap.  T. 
Fart  II.  find  the  Area  in  Inches,  and  then  bring 
it  to  Gallons,  by  dividing  that  Area  in  Inches  by  the 
proper  Divifor  J  «v/s.  by  282  for  Ale,  or  by  231  for 
Wine ;  or  elfe  by  Multiplication,  by  .003546  for 
Ale,  or  by  .004329  for  Wine ;  and  the  Quotient  or 
Pxoducl  will  be  the  Area. 

Exampht 
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Exampfe,  Suppofc  a  Back  or  Cooler  In  the  Form 
of  a  Parallelogram,  or  long  Square,  250  Inches  in 
Length,  and  84^  Inches  in  Breadth  j  What  is  the 
Area  in  Ale  or  VViue  Gallons  ? 

Multiply  250  by  84.5,  and  thcf  Prodiiifl  Is  21  125, 
the  Area  in  Inches,  which  divide  by  28^,  and  the 
Quotient  is  7a. 9  Gallons  of  Alej  or  multiplied  by 
.G03546,  the  Product  is  74.90928  Gallons,  ntarly  the 
fame  j  and  if  2  l  •  25  be  divided  by  231,  or  multiplied 
by  .0043 29 ,  it  will  give  91.44  Gallons  of  Wine, 

By  Scale  and  Ccmpa[j''es, 

r 

Extend  the  Compa/Tes  from  282  to  250,  that  Extent 
will  reach  from'  84.5  to  74.9.      And, 

Extend  from  231  to  250,  that  Extent  v/ill  reach 
from  84.5  to  91.45. 

Nate,  The  Areas  of  all  Superficies  are  always  to  be 
underitood  to  be  i  inch  deep  ;  otherwife  it  could 
not  be  faid,  that  the  Area  of  I'uch  a  Parallelogram, 
Circle,  cff.  is  f)  many  Gallons. 

Having  found  the  Area  of  a  Back  or  Cooler,  the 
next  Thing  will  be  to  find  out  the  true  Dipping  or 
Gauging-place  in  that  Back,,  that  fo  the  true  Quan- 
tity of  VVorts  may"  be  computed  at  any  Depth  ;  which 
Hiay  be  thus  done. 

1.  When  the  Bottom  of  the  Back  is  covered  all 
over  (of  any  Depth)  with  Worts,  or  other  Liquor, 
then  dip  it  in  eight  or  ten  feveral  Places  (more  or 
\t(s^  according  to  the  Largenefs  of  the  Back,)  as  re- 
mote and  equally  diftant  Irom  each  other  as  you  can 
well  do,  noting  down  the  wet  Inches  and  decimal 
Parts  of  every  Dip. 

2.  Divide  the  Sum  of  all  thofe  Dips  by  the  Num- 
ber of  Places  you  dipped  in,  and  the  Quotient  will  be 
ilie  mean  Wet  of  ali  thofe  Dips, 

3.  Laftly, 
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3.  Laftly,  find  out  Tuch  a  Place  by  the  Side  of  the 
Back  (if  you  can)  that  juft  wets  the  fame  with  that 
mean  Dip,  and  make  a  Notch  or  Mark  there  for  the 
true  and  conftant  Dipping-place  of  that  Back. 

Then  if  any  Quantity  of  Worts  (which  covers  the 
whole  Back)  be  dipped,  or  gauged  at  that  Place,  and 
the  wet  Inches  fo  taken  be  multiplied  into  the  Area 
of  the  Bixk  in  Gallons,  the  Produdl  will  fhew  how 
many  Gallons  of  Wons  are  in  the  Back  at  that  time, 
'provided  the  Sides  of  the  Back  do  ftand  at  Right- 
angles  with  the  Bottom. 


Problem    111. 

The  Diameter  of  a  Circle  being  given  in  Inches ^ 
'     to  find  the  Area   of  it  in  Ale  or  Wine 
Gallons , 

IF  the  Square  of  the  Diameter  be  multiplied  by 
.002785  for  Ale,  or  by  .003399  for  Wine;  or  if 
?t  be  divided  by  35905  for  Ale,  or  by  294.12  for 
Wine,  the  Produft^  or  Quotients  will  be  the  refpedive 
Ale  or  Wine  Gallons. 

Example,  Suppofe  the  Diameter  of  the  Circle  be 
326  inches ;  What  will  be  the  Area  in  Ale  or  Win« 
Gallons  ? 

The  Square  of  32.6  is  1062.76. 

Then  359.05)  1062. 76(2  9599  Area  in  Ale  Gallons. 

And  294.12)1062.76(3.6133  Area  in  Wine  Gallons. 

Or  1062. 76  x.oo2785=r2. 9598  Ale  Gallons. 

And  1062. 7dx. 0034=^3. 6133  Wine  Gallons. 


By 
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By  Scale  and  CompaJ'cs, 

Exrenci  the  Com pafT-'S  from  18.95  C*-^^^  Gauge-point 
for  Ale)  to  32.6  (the  Diameter)  thut  E>:te;jt  will  re?.v  li 
from  I  to  a  4th  Number,  snd  frcm  that  4th  :o  2.9,99 
GajloDs.  Or,  extend  the  Compares  from  i  to  32.6, 
that  Exrent,  turned  twice  over  fiom  .002785,  will  at 
lall  fall  upon  z  9^99. 

For  Wine  extend  from  17.1^  (the  Gangc-polnt  for 
Wine)  that  Extent,  turned  twice  over  from  1,  will  at 
laft  fall  upon  ^.6133  Gallons. 

Or  thus :  Extend  from  i  to  32.6,  that  Extent  will 
reach  from  .0034,  being  twice  turned  over,  to 
5-.6i33  Wine  Gallons. 

Problem     IV. 

The  Tranjverje  {or  longi'.ft  Diameter)  and  the 
Conjugate  {or  Jloortefi  Diameter)  of  an  El- 
lipfts  {or  Oval)  being  given ^  to  find  its  Area 
in  Ale  or  IVine  Gallons, 

IF  the  Re<flangle,  or  Producl  of  the  two  Diameters, 
that  is,  of  the  Length  and  Breadth  of  the  Oval, 
be  divided  by  359.05,  or  multiplied  by  .002785  for 
Ale,  or  divided  by  294.12,  or  multiplied  by  .0034 
for  Wine,  the  Quotient  or  Produdl  will  be  the  h.\G.  or 
Wine  Gallons  required. 

Example.  Suppofe  the  longeft  Diameter  be  81.4 
Inches,  nnd  the  fliorteil  Diameter  be  54.6  Inches  ; 
What  will  be  the  Area  of  that  Ova^  ? 


E  e  '     MviItJp!/ 
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Multiply  81.4  by  54. 6^  and  theProducl  134444.44; 
then. 


359.05)4444.44(12.38  Area  in  Ale  Gallons. 
294. 12)444.4. 44(  i  5- 11  Area  in  Wine  Gallons, 
Or  4444.44X. 002785"  12,38  Ale  Gallons. 
And  4444.44X.c034— 15. 1 1  Wine  Gallons. 

By  Scale  and  Conipajfes* 

Firfi:,  find  a  mean  Proportional  between  81.4  and 
54  6,  by  dividing  the  DilUmce  bet  seen  theai  into 
two  equal  Parts,  and  the  niiddle  Point  will  be  at 
66.6,  which  is  the  mean  Proportional  (that  is,  the 
Dianie-er  of  a  Circle  equal  to  the  Oval.)  Then  Ex- 
tend the  Com pafl'es  from  18.95  (the  Gauge-point  for 
Ale)  to  66.6,  that  Extent,  turned  twice  over  fronfi  i, 
will  at  lall  fall  upon  12.38,  A\q  Gallons:  And  ex- 
tend from  17-15  (the  GaUge-point  for  Wine)  to 
66.6;  that  Extent,  ti^rned  t-A ice  over  from  i,  v/ill 
reach  at  laft  to  15.11  Wine  Gallons. 


Problem    V . 

To  find  the  Content  in  Ale  or  IVine  Gallons  df 
any  Frijm^  tubaffcever  Form  ils  Baje  is  of^ 

FIRST,  find  icsfolid  Content  in  Inches  (by  Seft. 
1,  r.  111.  cf  Chap.  11.  Part  II.)  then  divide  that 
Content    in   inches  by  282   for  Ale,  or   by    231    for' 
Wine  ;  the  refp?:;;ve  Quotients  v.il!.  be  the  Content 
in  Wire  or  Ale  Galbns. 

Otherwife,  you   may  iirid  the  Conient  of  a  Prifm 

by  fiuding  the  Area  c>f  its  Bafe  in  Gallons  i^by  Pro- 

bieui  il.  cf  this  -Appendix)   and  multiply   th;vt  Area 

'     '  by 
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by  che  Tum's  ITeiglir,  or  Depth  within,  the  Prodiirt 
will  be  its  Content  in  Gallons. 

Example.  Suppofe  a  Tun,  vvhofe  Bafe  is  a  Paral- 
lelogram right-angled,  its  Length  being  49.3  Inches, 
its  Breadth  36.5  Indies,  and  the  Depth  of  the  l\in  is 
42.6  Inches;  the  Content  in  Ale  and  Wine  Gallons 
is  required. 

The  Length,  Ere.idth,  and  Depth,  being  multi- 
Jelled  continually,  the  Prodad  is  76656.57  ;  wiiich 
civiueJ  by  2S2,  theQuoiient  is  271.83  Ale  Galh^ns: 
And  divided  by  231,  the  Quotient  is  33i.S4AVine 
(iallons:  And  by  dividing  by  2 150. 4,  fuch  a  Ciflera 
will  be  found  to  iiold  35.65  Bufliels  of  Co;n. 

By  Scale  and  Compajfes, 

Extend  the  Compsfies  from  282  to  36.5,  the  Breadth 
cf  the  Bafe,  that  lixtcnt  will  reach  from  49.3,  ics 
Length,  to  6.38  Ale  Gallons,  the  Area  of  the  Bafe  ; 
then  extend  from  i  to  42.6,  the  Depth,  that  Exten: 
will  reach  from  6.38,  the  Area  of  the  Bafe,  to  271.8 
Gallons  the  Content. 


>0<>0<>0>OoO<>0  >0<>0'>0<0'  >0*0'>©^><Q<xSkOoO* 


Problem    VI. 

^0  find  the  Content  of  a  Tun^  whofe  Bafes  are 
alike  and  far  allele  hut  unequal^  being  the 
Fruftum  of  a  Fyramid. 

FIND  the  Area  of  each  Bafe,  and  a  mean  Pro- 
portional between  them,  and  multiply  the  Sum 
of  thofc  three  by  one  third  Part  of  the  Depth  or- 
Height,  and  the  Produ6l  is  the  Content, 

E  e  2  Example. 
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Example,  Suppofe  a  Tun,  whofe  Bafes  are  Paral- 
lelograms;  the  Length  of  the  greater  is  loo  Inches, 
and  its  Breadth  7c  Inches;  the  Length  of  the  lefll-r 
Bafe  80,  and  its  Breadth  56  ;  and  the  Depth  of  the 
Tun  42  Inches;  the  Content  in  Ale  and  Wine  Gal- 
lons is  required. 

Multiply  100  by  70,  the  Producl  is  7000,  the  Area 
of  the  greater  Bafe  ;  and  80  multiplied  by  56,  the 
Produft  is  4480,  the  Area  of  the  leiTer  Bafe  ;  then 
multiplv  the  two  Areas  into  CLch  other:  and  the  Pro- 
diid  is  31360CO0,  v\ho(e  Square  Root  is  5600,  a  geo- 
nietiical  mean  Prcp»rtionai. 


The  o-reater  Area 

The  lefier  Area 

The  mean  Proportional 


A  third  of  the  Depth 


7000 

44S0 

5600 

I70SO 

14 

68j2o 
17080 


add. 


282)239120(847.94  A.  g, 
231)239120(1035.15  W.g, 


Problem 
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Problem    VII. 

To  find  the  Content  of  a  'Tun^  whofe  Bafes  are 
'parallel  and  circular y  it  being  the  Frufium 
of  a  Cone, 

YOU  may  find  the  Content  as  in  the  1  aft  Proolem, 
by.muliiplying  the  Sum  of  the  Areas  of  the  two 
Bafes,  and  a  mean  Proportional,  by  one  third  Part  of 
the  Depth. 

But  it  will  be  a  {horter  Way  to  find  the  Area  of 
a  me;in  Circle  in  Gallons,  and  multiply  that  by  the 
Depth,  thus :  To  the  Rectangle  of  the  greater  and 
lelTer  Diameters  add  one  third  Part  of  the  Square  of 
the  Difierence  of  the  Diameters  j^that  Sum  is  the 
Square  of  a  mean  Diameter,  which,  divided  by 
359.05  for  Ale,  or  by  294.12  for  Wine,  gives  the 
Area  of  a  mean  Circle  in  Ale  or  Wine  Gallons,  which, 
multiplied  by  the  Depth,  gives  the  Content. 

Example.  Suppofe  the  greater  Diameter  80  Inchesj. 
and  the  lefTcir  Diame-cer7i  Inches,  and  the  Depth  3^^ 
Inches,  the  Concent  in  Ale  or  Wine  Gallons  is  re- 
quired. 

Multiply  80  by  71,  and  the  Produdl  is  5680;  to 
which  add  27  (a  third  Part  of  the  Square  of  the  Dif- 
ference of  the  Diameters)  and  the  Sum  is  5707,  which 
is  the  Square  of  a  mean  Diameter;  which  divide  by 
359.05,  and  the  Qnotient  will  be  15-895  Gallons  the 
Area;  which  mukiply  by  34.  (the  Depth,)  and  the; 
Froductwill  be  540  43  Gallons,  the  Content. 


E  e  3-  By 
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By  Scale  and  Compajfes, 

Add  the  two  Diameters  together,  and  take  half  the 
Sum,  which  is  75. ,5,  which  take  for  a  mean  Diameter 
(though  it  is  i.ot  exaft,  yet  it  will  be  near  enough  the 
Truth,  if  the  Difference  between  the  Diameters  be  not 
great;)  extend  the  CompalTes  from  18.95  (the  Gauge- 
point  for  Ale)  to  75.5,  the  mean  Diameter  ;  that  Ex- 
tent will  reach  from  34  (the  Depth)  to  a  fourth  Num- 
ber, and  from  that  to  540  4  Gallons,  the  Content. 

And  if  you  e.xtend  the  Compares  from  17.15  (the 
Gauge  point  for  Wine)  to  75.5,  that  Extent  will 
reach  trorii  34,  twice  turned  over,  to  659.7  Gallons 
cf  Wine. 

The  Method  ufed  by  the  Gaugers  for  all  fuchTuns, 
Is  ro  take  the  Diameter  in  the  Middle  of  every  10 
Inche  ;  that  is,  at  five  Inches  from  the  Bottom,  and 
at  15,  and  at  25,  ^c. 

Thfn  they  find  the  Area  to  every  one  of  thefe  Dia- 
meters, and  enter  them  ia  their  Books.  Then,  whea 
they  i,ur\ey,  they  tf5ke  the  wet  Inches  and  Parts  that 
the  Liquor  in  the  Tun  is  in  Depth,  and  every  10 
Inches  ihey  take  the  refpeftive  Area?,  and  remove  the 
iepnrating  Point  one  Place  towards  the  Right-hand; 
and  for  what  odd  Inches  of  the  Depth  Jibove  the  evca 
Tens,  they  multiply  the  next  Area  by  them,  and  {o 
add  all  the  feveral  Produfts  together,  and  the  Total 
will  be  the  Gallons  of  Liquor  in  the  Tun* 

Example,  Suppofe  the  Diameter  at  5  Inches  from 
the  Bottom  64  Inches,  and  at  \^  Inches  from  the 
Bottom  67  Inches>  and  at  25  Inches  70  Inches,  and 
at  55  luv-hes  from  the  Bottom,  the  Diameter  is  73 
inches.  Now  the  Area  anfvvcjing  to  64  Inches  is. 
11.4073  Gallons;  and  to  67  Inches,  s  12.5019, 
Gallons;  and  the  Area  to  70  Inches,  is  13.65.65  Gal- 
lons; and  to  73,  is  14.8413  Gallons:  fhen,  fup- 
poang  the  Depth  of  the  Liquor  in  the  faid  Tun  be 
8  found. 
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found  to  be  3.6  Inches :  Now,  to  cafl  up  tliis  Gauge, 
firll,  in  the  Area  anfwering  to  64  Inches,  being  mul- 
tiplied by  10,  th:it  is  by  removinii^  the  feparating 
Point  a  Place  towards  the  Kight-hanc],  it  will  be 
1 14  073  Gallons ;  ana  the  next  will  be  »  25.019  ;  and 
the  next  136.565  Gallons.  Now  thefe  three  will  be 
the  Content  to  30  Inches  deep.  Then,  to  find  the 
Content  of  the  3.6  Inches,  multiply  the  next  Area 
14.8413  by  3.6,  and  the  Product  is  53.4268:  Add 
all  together,  and  the  Sum  is  the  whole  Quantity  of 
Liquor  in  the  Tun. 

The  Content  at  10  Inches  6.cep  1 14.073 

The  Content  at  the  next  10  Inches  125.019 

The  Content  at  the  next  10  Inches  136.565 

The  Content  of  the  3.6  Inches  53.427 

The  whole  Qiiantlty  of  Liquor  in  7  o 

.u    ^  t        420.084, 

the  Tun  j         *t-  i/      -1 


Problem    VIII. 
'To  find  the  Drip  or  Fall  of  a  Tun, 

SUppofe  the  Tun  lafl  mentioned  was  fo  placed, 
that  when  the  Bottom  is  but  juil  covered  on  one 
Side,  the  Liquor  is  4  Inches  deep  on  the  bide  oppo- 
iite ;  How  much  mull  be  allowed  for  the  Fall  of  this 
Tun?  That  is.  How  much  Liquor  is  therein  the 
Tun? 

The  Diameter  In  tlie  Middle  of  4  Inches  from  the- 
Bottom,  is  61.6  laches;  and  tne  Area  an!\ve;ing 
thereunto  is  10.568;  which  multiplied  by  2  (thit  is, 
half  4,)  the  Produdl  is  21,136  Gallons;  and  lb  much 
Liquor  will  juil  cover  the  Bottom. 

But;, 
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But,  fuppofe  it  was  fee  fo  much  on  one  Side,  as  to 
be  30  Inches  deep  on  one  Side,  when  the  Liquor  011 
the  opporue  Side  juft  cuts  between  the  Bottoms  and 
Staves ;  How  much  Liquor  will  there  be  in  the 
Tun  r 

Square  the  Bottom  Diameter,  and  multiply  that 
Square  by  the  Top  Diameter,  and  divide  the  laft  Pro- 
du(ft  by  the  Sum  of  the  Diameters,  and  to  the  Qno- 
tient  add  the  Square  of  the  Bottom  Diameter,  and 
divide  the  Sum  by  1077.15  for  AJe,  or  by  882.36 
for  Wine  ;  multiply  the  Quotient  by  the  Depth,  the 
Product  is  the  Content. 

The  Bottom  Diameter  of  the  fore- mentioned  Tun 
is  61  Inches;  and  the  Diameter,  at  30  Inches  from 
the  Bottom,  is  71.5  inches;  the  Square  of  61  13 
3721;  which  multiplied  by  71.5,  the  Prcdud  is 
266051.5;  this  divided  by  132.5,  (the  Sum  of  the 
Diameters)  the  Quotient  is  2007.936:  To  which  add 
3721  (the  Square  of  6!,)  and  the  Sum  will  be 
5728.936;  this  divided  by  1077.15,  the  Qactient  is 
5.3  186  ;  which  multiplied  by  30,  the  Depth,  the  Pro- 
du6l  is  I  59" 5 5 8,  the  Gallons  of  Liquor  in  the  Tun. 

When  the  Fruftum  of  a  Cone  or  Pyramid  is  cut, 
by  a  diagonal  Plane,  through  the  Extremities  of  the 
Diameters,  as  the  Liquor  in  the  Tun  reprefents,  fuch 
Solid  is  called  a  Hoof.  (Vide  PFard's  Toung  Mathema- 
tician s  Guide ^  Page  414.) 

Jf  it  be  the  Hoof  of  a  fquare  Fruftum,  inftead  of 
dividing  by  1077.15,  divide  by  846  for  Ale,  or  by, 
693  for  \Vine.  All  the  reH  of  the  Work  is  the 
fame. 
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Problem    IX. 
51?  gauge  a  Copper, 

ET  ABCD  be  a  fmall  Copper  to  be  gauged. 


Take  a  fmall  Cord  of  Packthread,  make  one  End 
fad  at  A,  and  exrend  the  other  to  the  oppofitc  Side  of 
the  Copper  at  B,  where  make  it  fall,  or  caufe  feme 
Perfcn  to  hold  it  very  llr.iit ;  then  fet  one  End  of  the 
Inllrument  in  the  Bottom  of  the  Copper  at  C,  and 
move  it  to  and  fro,  till  you  find  the  neareft  DiRance  to 
the  Thread  (as  at « :)  This  Dirtance,  a  C,  is  the  Depth 
of  the  Copper,  which  fuppofe  to  be  47  Inches. 


In  like  manner,  fet  the  End  of  the  Rule  upon  the 
Top  of  the  Crown  at  d,  and  take  the  neareil  Diilancs 
to  the  Thread,  as  dg,  which  fuppofe  42  Inches:  I'his 
fubtrafted  from  ^C,  47,  the  Remainder  5  is  the  Al- 
titude of  the  Cruu  n. 

To  find  CD,  the  Diameter  of  the  Bottom  of  the 
Crown. 

Meafure  AB,  the  Diameter  of  the  Top,  which 
admit  to  be  99  Inches;  then  hold  a  Thread  i'o  as  a 
Plummet  at  t!ic  End  thereof  may  hang  jull  over  C, 

bv 
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by  which  means  you  will  find  the  Diilance  A  a.  Do 
the  like  on  the  other  Side;  fo  will  you  find  alio  the 
Diilance,  B;  which  i'lippofe  17.5  Inches  each  ;  add 
thefe  two  together,  and  lubtr^tl:  their  Sum  {t'iz.  3!;) 
from  gg,  and  the  Remainder  is  64  inches,  the  iJiame- 
tcr  at  the  Bottom  of  the  Crown.  The  Diameter  which 
touches  the  Top  of  the  Crown,  may  be  found  by  ihe 
Sliding- rule  to  be  65  Inches. 

Now  to  find  the  Content  cf  the  C  ipper  from  the 
Crown  upwards,  that  if,  the  Part  AB/-/6,  the  Depth 
^i^  being  42  Inches,  you  may  take  the  Diameter  in  tha 
Middle  of  every  6  inches  of  i:he  Depth,  which  fuppofe 
to  be  as  in  the  fecond  Column  of  ihe  following  '1  able, 
the  Numbers  in  the  third  Column  are  the  refpedtive 
^^reas  in  Ale  Gallons,  found  by  Problem  III.  the 
fonrth  Column  fiiews  the  Content  of  every  6  inches;. 
nil  which  beincr  added  toreiher,  the  Sum  will  be  the 
Content  of  that  Part,  A]jkl-  ;  that  is,  lo  much  as  it 
will  hold  after  the  Crown  is  covered. 

JNow,  if  the  Crown  be  taken  fcr  the  Fruilum  of  a 
Sphere,  the  Content  (by  tlie  latter  Part  of  Sedl.  11, 
Page  190,)  will  be  found  to  be  28.75  Gallons. 

Bat  may  be  more  readily  Ibuud,  very  near  the 
Truth,  thus : 

The  Diameter  CD  was  found  to  be  64,  and  the 
Area  to  this  Diameter  is  1 1.408  ;  this  multiplied  by 
half  the  Crown's  Altitude,  'viz.  by  2.5,  gives  28.52 
Gallons,  the  Content  of  the  Crown. 

The  Content  of  the  Part  ^iD  C  is  57.935  Gallons  j 
from  which  fubtra6t  the  Content  of  the  Crown,  28.52, 
and  the  Remainder  is  29.415  Gallon?,  and  fo  mucK 
X.i(^uor  vv'ill  jult  cover  the  Crown, 
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By  Scale  and  Comfajj'es* 

You  may  find  the  Areas  anAvering  to  every  one  of 
the  Diameters,  thus  : 

Extend  the  Comprn-'s  from  t]ie  Gnnc;e-point  to  the 
Diameter;  that  iixrent  being  turned  twice  over  iVf^m 
1,  will  at  lalt  fall  upon  the  Area  of  that  Cir  )?:  Or 
being  turned  iwic?  over  from  6,  uiil  give  the  Contenc 
of  thai  6  Inches  of  tiie  Depi  ii. 

Example.  Extend  the  CcjrapafTes  from  1895  (:he 
Gauge-point)  to  95.3  ;  that  ["xtent,  lurn-d  twice  over 
from  6,  wiil  at  iAl  \i\l\  upon  151  76  GaiIon.s,  the 
Content  of  the  iirll  6  Inches.     And  fo  of  the  reft. 
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Problem    X. 


^0  compute  the  Content  of  any  clo/e  Cajk. 

IN  order  to  perform  this  difxicult  Part  of  Gauging, 
the  three  following  Dimeniions  of  the  Cafk  mull 
be  truly  taken  ; 


Viz. 


The  Bung-diameter, 
The  Heati-diameter, 
The  Length  of  the  Cafk, 


within  the  Cafk. 


In  taking  thefe  Diaienfions,  it  mufb  be  carefully 
oblerved, 

1.  That  the  Bung-hole  be  in  the  Middle  of  the 
Cafk;  alfo,  that  the  Bung-ftafF,  and  the  Staff  oppofite 
to  the  Bung-hole,  are  both  regular  and  even  within. 

2.  That  the  Heads  of  the  Csfeare  equal,  and  truly 
circular;  -if  fo,  the  Dillance  between  the  Infideof  the 
Chine  to  the  Outfide  of  its  opponte  Sraff,  will  be  the 
Head-diameter  within  the  Calic,  \Qry  near. 

^.  With  a  Aiding  Pair  of  Calipers  (made  for  that 
Ufe)  take  the  lliorteil:  Diflance,  or  Length,  between 
the  Outfides  of  the  two  Heads  ;  from  that  Length 
fubtraft  ly  Inch  (more  or  lefs  according  to  theLarge- 
titis  of  the  Cafic)  for  the  Thicknefs  of  the  Head  :  1  he 
Remainder  will  be  the  Length  of  the  CafIc  within. 
But  if  the  Cafk  be  empty,  you  may  take  the  Length, 
by  putting  a  ftraic  Rf  d  in  at  the  Tap-hole,  and  allow 
for  theThicknefs  of  the  Head. 

Now  by  thtTe  Dimeniions,  Tome  would  think  the 
Content  of  the  Ciiik  was  perfcft'y  iimiied  ;  but  it  will 
Jbe  ealy  to  perceive,   by  the  following  Figure,  that 

the 


Sccft.  I.  Of  Gauging.  3^5 

the  Diameters  and  Length  of  one  Cufk  may  be  equ,.l 
to  thofe  of  anocher,  and  yet  one  of  thofe  Caflcs  may 
contain  feveral  Gallons  more  than  the  other. 


B 


1. 


Cr 


As  for  Tnflince,  the  Fi- 
gure ABCDF  is  fuppofed 
to  reprefent  a  Cafk  :  Then 
it  is  plain,  that  if  the  out- 
ward curve   Lines,   ABC,     I^, 4 III! 

and  FGD,  are  the  Bounds 

or  Staves   of  the   Cafk,  it 

muft  needs  hold  more  than 

if  the  inner  pricked  Lines 

were  the  Bounds,  or  Staves;   and  vet  the   Bung-dia- 

meier  BG,  and  Head-dan^ecers  CD  and  AF,  and  the 

Length  LH,  are  the  fame  in  both  thofe  Cafks. 

Whence  it  appears,  that  no  one  g'^nerrd  Rule  ran 
be  given,  by  which  the  Content  of  all  Sorts  of  Cafks 
can  be  gauged  :  And  therefore  Gaugers  do  uTually 
fiippofe  every  Cafk  to  be  in  fome  of  thefe  Forms  : 

1.  The  middle  Frufluni  of  a  Sp-ieroid. 

2.  The  middle  Fruilum  of  a  p^.raboiic  Spindle. 

3.  The  lower  Frul^ums  of  two  equul  parabo'ic  Co- 
noi  Js. 

4.  The  lower  Fruftums  of  t.vo  equal  Cones.  ^ 

1.  If  the  Staves  of  a  Cafk  be  very  much  curved 
(us  the  ouivvard  Litres  of  che  Ult  Figure;)  then  the 
Cafk  is  fuppoled  to  be  the  middle  Fruflom  of  a  Sphe- 
roid. 

2.  If  the  Staves  (between  the  Bung  and  Head)  be 
f-^mething  lels  curved,  then  the  Calk  is  t.^ken  to  be 
the  middle  Fruitum  ot  a  parabolic  Spindle 

3.  ]^  the  Staves  (between  the  Bung  and  Head)  be 
very  little  curved,  then  the  Ci;ik  is  tc  ken  to  be  the 
lower    Frullums  of    two    equal    parabolic    Conoids, 


F  f 


acuttiRg 
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abatting  or   joining   together    upon    one    common 

4.  If  the  Staves  between  the  Bung  and  Head  b« 
ftrait  (as  the  pricked  Lines  in  the  lall  Figure,)  then 
the  Cafli  is  taken  to  be  the  lower  Fruftums  of  two 
equal  Cdnes,  abutting  or  joining  together  upon  one 
common  Bafe. 

There  are  fcveral  Rules  laid  down  in  Books  of 
Gauging,  for  finding  the  Content  of  each  Form  ;  but 
1  think  the  fhortefl:  and  moft  pra^itical  Way  is,  to  find, 
fuch  a  mean  Diameter,  as  will  reduce  the  propofed 
Caik  to  a  Cylinder :   Thus, 

Multiply  the  Difference  of  the  Bung  and  Head 
Diameters  by  .7  for  the  Spheroid  ;  by  .65  for  the  fe- 
cond  Form,  by  ,6  for  the  third  Form,  and  by  .55  for 
tiie  fourth  Form;  and  add  ihe  Produ6lto  the  Head- 
diameter,  and  the  Sum  is  the  mean  Diameter. 

Example.  Suppofe  the  Bung-diameter  be  32  Inches, 
the  Head-diameter  24  Inches,  and  the  Length  40 
Inches;   the  Content  in  each  Variety  is  required. 

The  DiiFerence  between  the  Bung  and  Head-dia- 
meter is  8  ;  which  multiplied  by  .7,  the  Produd  is 
5.6;  which  added  to  the  Head-diamecer,  the  Sum 
is  29.6,  the  mean  Diameter:  The  Area  anfAering 
to  it  will  be  found  (by  Prob.  ill.)  to  be  2.44  Ale 
Gallons  ;  which  multiplied  by  the  Length,  the  Fro- 
dud  is  97.4  Gallons;  and  fo  much  is  the  Content,  if 
it  be  the  iirJl  Form, 

Again  ;  if  the  Difference  of  the  Diameters  8  be 
multiplied  by  .65  ;  the  Produdl  will  be  5.2;  which 
adied  to  the  Head-diameter,  the  Sum  is  29.2,  for 
the  mean  Diameter  ;  and  the  Area  anlwering  to  it  is 
2  3746  Gallons;  which  multiplied  by  40  (the  Length) 
the  Produd  is  94.98  Gallons,  the  Content,  it  it  be  of 
the  fecond  Form. 

Again ; 
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Again  ;  if"  the  Difference  8  be  multiplied  by  .6,  the 
Produd  is  4.8  ;  which  added  to  the  Head-diameter, 
the  Sum  is  28. 8,  the  mean  Diameter  :  The  Area 
anfvvering  to  it  is  2.31  Gallons;  which,  muliipiitd 
by  40,  gives  the  Content  92.4  Gallons,  for  the  third 
Form. 

Again;  the  Difference  8,  multiplied  by  .55,  the 
Producl  is  44  ;  which  added  to  the  Head-diameter, 
makes  the  mean  Diameter  2S.4  ;  the  Area  anfwering 
to  it  is  2.2463  ;  which  multiplied  by  40,  the  Product 
is  89  85  Gallons,  tor  the  fourth  Form. 

Bj  Scale  and  Compajfes, 

Extend  the  CorapaiTes  from  theGauE;e  point  i8.9(; 
to  the  firll  mean  Diameter  29.6;  that  F,xtent  will 
reach  from  the  Length  40  to  a  fourth  Number,  and 
then  to  ihe  Content,  97  4  Galluiis. 

Again  ;  extend  from  18.95  to  29.2  (the  fecond 
mean  Diameter)  that  Extent,  turned  twice  over  from 
40,  will  at  lall  fall  upon  92.98  Gallons. 

Again;  extend  from  18.95  ^^  ^8.8  (the  third  meaa 
Diameter)  that  Extent,  turned  twice  over  from  40, 
will  at  lail  fall  upon  92.4  Gallons. 

Again;  extend  from  18.05  ^°  ^^-4  (^^^  fourth 
mean  Diameter)  that  lixrenr,  turned  twice  over  from 
40,  will  at  lail  fall  upon  89.85  Gallons. 

Although  I  have  all  along  made  ufe  of  the  Line  of 
Numbers  upon  the  common  'I'wo-footor  Eightcen- 
inch  Rule:^,  for  the  Reafon  mentioned  in  i\\t  Prc^face ', 
yet  the  Rules  may  eafily  be  applied  to  the  blidiag- 
rule,  thus :  To  find  the  Area  of  a  Circle  in  Gallons, 
fet  the  Gauge-point  upon  D  (that  is,  a  fingle  Line 
of  Numbers)  (to  1  upon  C,  that  is,  a  double  Line;) 

F  f  2  Hit  a 
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th^n  pgainft  any  Diameter  upon  D,  is  the  Area  upon 
C,  thu5 ; 

To  find  the  Content  of  the  Caik,  lafl  mentioned, 
the  iifil  Form. 

Set  the  Gauge- print  1S.95  upon  D,  to  the  Length 
40  lip  n  C  ;  then  (againil  the  mean  Diameter)  29.6 
upon  D,  is  97.4  Gallons,  the  Content  upon  C. 

And  againft  29. 2  (rhe  next  mean  Diameter)  on  D, 
is  94.98  Gallons  on  C 

And  againil  28.^  (the  next  mean  Diameter)  on  D, 
is  92.4  Gallons  on  C 

And  againfl  28.4  (thelall  mean  Diameter)  oa  P^ 
is  89.85  Gallons  on  C. 

jill  dons  fwiibcut  removing  the  Slider* 
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yf  T ABLE   of  the   Segment   of  a   Circle^ 
wbofe  Area  is  Unity, 


I 

Scgm. 

99 

Segm. 

"V' .  .^ 
26 

Segin. 

v.s. 
74 

Segm. 

.0017 

.9983 

.2065 

^92^ 

2 

.004.8 

9^ 

.995? 

27 

.217S' 

73 

•7832 

3 

.00S7 

97 

•99 '3 

28 

.2292 

72 

.770,-; 

4 

.01  H 

96 

.9865 

29 

.2407 

71 

•75r^ 

5 
6 

.0187 

95 
94 

.98  I  3 

30 
31 

•2523 

70 

69' 

•74"7 

.0245 

•975^ 

.264- 

'li'^'^ 

7 

.0308 

93 

.9692 

52 

•2759 

68 

.7241 

8 

•0375 

92 

.9625 

33 

.287^^ 

67 

.  7  122 

9 

.0446 

9' 

•9554 

34 

.2998 

66 

.7002 

10 
1 1 

.0520 

90 

89 

.9480 

35 
36 

•3»i9 

64 

.6831 

.0,-981 

.9102 

.3241 

.675c 

12 

.o58o 

8S 

.9320 

37 

•33^4 

6^ 

6&j6 

'3 

.0764 

87 

•9236 

38 

•3487 

62 

•6513 

»4 

.035  1 

86 

•9H9 

^9 

.36H 

6i 

63:^9 

16 

.094. 

1 

^5 
^4 

.9059 

40 
41 

•3735 

60 
59 

.6265 

••033 

.8967 

.386c 

6140 

17 

.1127-1 

83 

.8873 

42 

.3986 

53 

.6014 

18 

1 224 

82 

.8776 

4^ 

.4.12 

;? 

.5888 

J9 

•'323! 

81 

.8677 

44 

,42^8 

5^ 

.5702 

20 
21 

.1424: 

80 
79 

.8576 

45 
46 

.4364 

55 
54 

5^3^^ 

.15201 

8474 

.4491 

.,-509 

22 

•<63i| 

7^ 

.8369 

47 

.461S 

53 

.5382 

^3 

•'737 

77 

.J263 

48 

•4745 

5- 

.5250 

2+ 

.1845 

76 

.8,55 

49 

•487J 

5' 

.,-127 

2- 

•I'l.-s' 

75 

.:^'Oi^ 

5^ 

.^-OOO; 

'^^ 

.  ;oco 

Ff 


n» 


220  J;ppendi)i*  Secfb.  I. 

^he  life  of  the  ''Table  of  Segments 

Is  to  find  the  Ullage,  or  Quantity  of  Liquor  re- 
jnaining  in  a  Cafk,  whofe  Axis  is  parallel  to  the  Ho- 
rizon, the  Surface  of  the  Liquor  cutting  the  Heads  of 

the  Calk. 

The   RULE  //; 


To  the  wet  or  dry  Inches  of  the  Bung-diameter, 
add  a  competent  Number  of  Cyphers ;  then  divide 
it  by  the  whole  Diameter,  the  Quotient  found  in  the 
Table  under  the  litle  V.  S.  gives  a  Segment ;  which 
multiplied  by  the  whele  Content  of  the  Caflc,  the 
Product  flievvs  the  Quantity  of  Liquor  in  the  Calk,  if 
the  Dividend  was  the  wet  Inches,  or  the  Ullage,  if  it 
was  the  ^xy* 

Let  there  be  a  Calk  in  Form  of  a  Cylinder,  whofe 
Bung-diameter  is  29  Inches,  the  dry  Part  13,  and  the 
wet  16,  and  the  Content  80  Gallons;  How  many 
Gallons  are  wanting  to  fill  the  Callc.^ 

Divide  the  dry  Inches  13,  by  29  the  Bung-diame- 
ter, and  the  Quotient  is  448  ;  find  the  two  firil  Fi- 
gures .44  under  V.  S.  and  the  Segment  againfl:  it  is 
44238  ;  to  which  add  a  proportional  Part  for  the  8, 
and  thewhole  Segment  will  be  .4333  ;  which  mul:i- 
plied  by  the  Content  of  the  Cafe,  the  Proriuft  will  be 
34.664  Gallons  3  and  fo  much  the  Cafk  v/ants  of 
being  full. 

Note,  If  the  Cafk  be  in  the  Form  of  a  Cylinder,  or 
near  that  Figure,  the  Table  will  give  the  Ullnge  ex.id: 
«  nough  ;  bat  if  it  be  a  fpheroidai  Calk,  then  ufe  the 
following  Method. 


X.  By 
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1.  By  the  Bung  and  llead-diametcr,  find  fuch  a 
mean  Diameter  as,  you  judg;(.',  will  reduce  the  pro- 
pofed  Cafk  to  a  C)lindcr,  and  then  £nd  iis  Content. 

2.  From  the  Bung  diameter  fubtrafl  the  mean  Dia- 
meter, and  take  half  the  Difference. 

3.  From  the  wet  Inches  fubtrnd  the  faid  Half-dif- 
ference; referve  this  Dilfcience,  then  ufe  the  Pro- 
portion : 

As  the  mean  Diameter  is  to  loo 

(the  Diameter  of  the  tabular  Circle,) 

So  is  the  referv'd  Difference 
to  a  verfed  Sine  in  the  Table, 

Then,  If  the  tabular  Segment  be  multiplied  into 
the  Content  (as  before)  the  Product  will  be  the  Quan- 
tity of  Liquor  in  the  Cafk. 

Example.  Let  the  Gafk  be  the  fame  as  in  Page  325, 
of  the  tirft  Form,  where  the  Bung-diameter  is  32 
Inches,  and  the  mean  Diameter  29.6,  and  the  Content 
97.4  Gallons ;  and  fuppofe  the  wet  Inches  19,  to  lind 
the  Quantity  of  Liquor  in  the  Cafk, 

From  32  From   19 

Subtr.  29  6  Subtr.     i  .2 


Rem.    17.8  referved* 


29.6  :   100  :   :   17.8  :   .  60,  the  V.  3. 

The  Segment  to  60  is  .6265,  which  mulcipljed  by 
974,  the  Content,  the  Prodiia  is  61  Galions,  the 
Quantity  of  Liquor  in  the  Cafli. 


If 
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If  the  dry  Inches  have  been  given,  by  the  fame  Me- 
thod, you  might  have  found  the  Ullage,  or  what  the 
Gafk  wanted  of  being  full. 

To  find  what  Quantity  of  Liquor  is  in  2.  Cafk, 
when  its  Axis  is  perpendicular  to  the  Horizon  ;  'vi^* 
when  it  Hands  upright  upon  one  of  its  Heads. 

To  do  this,  you  mufl:  know  how  to  calculate  the 
Area  of  any  Circle,  between  the  Bung  ana  Head, 
whofe  Diftancefrom  tne  Bung,  or  Middle  of  the  Cafk, 
is  given  ;  which  may  be  dons  by  this  Proportion. 

As  the  Square  of  half  the  Length  of  the  Cafk  is  to 
the  Difference  between  the  Sung  and  Head-areas  ;. 
fo  is  the  Square  of  any  Circle's  Diilance  from  the 
Bung,  to  the  Difference  between  the  Bung-area  and 
the  Area  of  that  Circle;  njiz.  the  Area  of  the  Li- 
quor's Surface. 

Then,  fromthe  Bun-^-area,  fubtradl  one-third  Part 
of  the  aforefaid  Difference;  iji%.  between  the  Bung- 
area  and  the  Area  of  the  Liquor's  Surface  :  Multiply 
the  Remainder  by  the  Liquor's  Diilance  from  the 
Bung,  and  the  Produd  will  fhew  what  Quantity  of 
Liouor  is  either  above  or  under  half  the  Content  of 
the  Cafk. 


Example,  Let  us  again  fip- 
pofe  the  Cafk,  in  Page  326, 
whofe  Length  is  40  Inches, 
Bung-diameter  32,  and  Head- 
diameter  24,  and  rappoTe  the 
wet  Incher.,  SH,,  26  Inches. 

The  Square  of  ha'f  ihe  Length 
is  400,  the  Ditliince  of  ihe  Li- 
quor's burface  from  the  Bung 
SI  is  6,  the  Square  of  wnich  is 
36;  the  ArcaoftheBuKg  U  .^.85 19  Ale  Gallons,  and 

the 
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the  Area  of  the   Mead   D.   i.6o{.2;  the   Difference 
1.2477.     Then, 

4C0  :    1-2^'7'j  :   :   36  :  .11229 

One-third  is  ~  '0}j^ 

From       2,8519  Bung-arei, 

Subtr.        .03;  4  a  1  hird  ol  the  DilTcrence. 


Rem.       2.81^5 

0  mult.  DiHance  from  the  Bung* 


16.8870  Content  above  the  Bung. 
Add      "48.7         half  the  Content  ot  the  Cafk. 

65.5870  the  Quantity  of  Llcjuor   in  the 

[Cafk. 

Problem    IX. 

Gauging  of  Malt* 

TO  find  the  Quantity  of  Malt  in  a  CiHern,  or 
upor3  a  Floor. 
Firft,  Find  the  Arei  of  the  B^fe  in  Bnfhels,  by 
multiplying  the  Length  by  the  Breadth,  and  dividing 
the  Produd  by  2  I  50.42,  or  only  by  21  50 ;  and  mul- 
tiply that  Area  by  the  mein  Depth  (How  to  take  the 
mean  Depth,  fee  Problt-m  11.)  if  the  Bafe  be  cir- 
cular or  oval,  divide  by  2738,  (fee  rroi-»lem  i.) 


Example* 
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Example.  There  is  a  Cifiern,  whofe  Length  is  84 
Inches,  and  Breadth  54  Inches,  and  the  mean  Depth 
is  43.6  Inches  ;   What  is  the  Content  ? 

Multiply  84.  by  54,  and  the  Produdl  is  4536; 
which  divide  by  2150,  and  the  Qiioiient  is  2.1097 
Bufiiels,  the  Area  of  the  Bottom  at  i  Inch  deep  ; 
which  multiplied  by  the  Depth  43.6,  the  Produd  is 
91.98  Bufhels,  the  Content. 

Example,  Suppofe  a  Quantity  of  Malt  upon  a  Floor, 
whofe  Length  is  245  Inches,  and  the  Breadth  184 
Inches,  and  the  mean  Depih  5.6  inches ;  How  many 
Bufhels  are  there  : 

Multiply  245  by  184,  and  the  Produ^  is  45080; 
which  divided  by  2150,  tjBe  Quorient  is  20.967,  the 
Area  of  the  Bafe  ;  which  multiplied  by  the  meaa 
Depth,  the  Produdl  is  117.4  Bulliels,  the  Content. 

By  the  Sliding  Rule* 

There  is  an  inverted  Line  of  Numbers  ufjon  fomc 
Sliding-Rules  marked  with  the  Letter  M,  which  was 
contrived  purpofely  for  Gauging  of  Malt ;  and  there 
is  a  dt)uble  Line  of  Numbers  uprn  the  Rule,  and 
upon  the  slider  two  double  Lines  of  Numbers;  all  of 
thefe  are  of  equal  Radia?,  and  all  work  together  : 
Thus  let  the  Length  and  iireadth  SLg&inll  one  ?.fi-Gtker 
upon  the  inverted  Line,  and  that  which  Aides  by  it-; 
then,  on  the  ^ther  Kdge  of  the  Rule  againft  the 
Depth,  you  will  find  the  Content  in  Bndieis.  Thus, 
in  the  firll  Example,  let  54  upon  the  Slider  againft 
84  upon  the  inverted  Line;  and  then,  againil  43.6 
upon  the  other  Part  of  the  Rule,  is  91.98  upon  the 
Slider. 

Again  ;  in  the  fecond  Example,  fet  184  upon  the 
Slider  to  245  upon  tlie  inverted  Line;  and  againll 
56  upon  the  other  Part  of  ^he  Rule,  is  117.4  upoa 
the  Slider, 


§11. 
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)^)«()5()^^)^)^)K)K¥.)^^)^)^)5eK^s)^)K^ 


§11.    0/Land   Measuring. 

IS  H  A  LL  not  here  give  the  whole  Art  oi  Suwey- 
in^y  but  fuch  pradical  Rules  only  as  may  be 
uleful  to  the  Country  Grafiers  and  Farmers,  and 
by  which  Means  they  may  find  the  true  Content  of 
any  Piece  of  Land,  and  that  by  the  Chain  only  ;  or, 
for  want  of  that,  with  a  Pole  or  Stick  of  half  a  Rod 
in  Length. 


Problem    I. 

1*0  find  the  Content  of  a  Piece  of  Land  in  the 
Form  of  a  right-angled  Parallelogram^  or 
long  Square^  or  which  is  Jomething  mar  thsit 
Form, 


'T^^O  know  whether  any  Angle  in  the  Field  be  a 
X  Right-angle,  or  not,  you  may  take  a  Piece  of 
Board  about  4  or  5  Inches  broad,  and  an  Inch  thick, 
either  round  or  fquare;  and,  with  a  Saw,  cut  two 
Kerfs,  crofling  each  other  at  Right-angles ;  and  bore 
a  Hole  in  the  Middle  of  the  Backfide,  to  put  it  upon 
the  End  of  a  Stick.  This  will  repiefent  the  Inltru- 
ment  called  a  Crofs. 

Suppofe 


33^ 
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Suppofe  you  ^ 
vould  obftrve 
the  Angle  A,  to 
know  whether  it 
be  a  Rioht-ang;le 
(or  nearly  fo;) 
prick  up  your 
^>tick,  with  ihe 
Crofs  upon  ir,  at 
a  little  DiHance 
fiomtheFence,as 
zla-y  and  having 
fet  uptwoMarks, 
as  at  h  and  r,  of 
equal  Diit.-.nce 
fr(>m  the  Fence, 
turn  one  cf  the 
Slits  direftly  to- 
wards^; andthen 

if  theoiherbedi-       C  «5'82i 

redly  pointing  toe,  it  is  a  Rigiu-.ng:e. 

To  mcalure  Tuch  a  Piece  of  Ground  as  this  Figure 
above:  if  you  meafure  round,  and  add  the  oppofite 
Sides  together,  and  take  half  the  ^um  (if  they  be  not 
equal ;)  or  elie  mealure  dov^'n  about  the  M;ddle  of  the 
Lergth,  and  Middh.  of  the  Breadth  ;  thus  the  Side 
AB  being  meal^ured,  it  uilj  be  5  60  (that  is,  5 
Chainsand  60  Links;)  and  the<ippolke  Side  CD  is  ^ 
Chains  82  Links;  the  half  Sum  of  them  is  5.7  1  :  And 
the  vSide  B  D  is  10.38  ;  and  the  Side  AC  lO-  22  ;  and 
thehaifSum  of  them  is  10.30  (i*  will  be  the  fame 
Thing,  if  you  me  ifure  about  the  i^»/iiddle  of  the  Length 
rnd  Middle  of  the  Breadth  ;)  then  multiply  this  mean 
Length  and  mean  Breadth  together;  'viz.  10.30,  by 
5.71,  and  the  Product  is  58.8130;  v.'hi.h  divide  by 
10  (becaufe  jo  Square  Chains  is  an  Acre)  by  re- 
rno\  ing  the  fepara^ing  Point  one  Pince  towards  the 
Left-hand,  and  it  will  be  5.88130;  that  is,  5  Acres 
and  .88130  Parts  ;  which  multiply  by  4,  and  prick  ofF 
5  Places,  and  it  will  be  3.52520  j   which  3   towards 

the 
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the  Left-hand  are  3  Roods;  then  multiply  the  deci- 
mal Parts  by  40,  and  prick  off  5  Places,  and  it  will 
be  2i.oo!50o;  which  21  towards  the  Left-hand  arc 
21  Perches. 

A.  R.  P. 
So  the  whole  Content  is  ■  '   5     321 

See  the  Work. 
10.30 


17130 
5710 

5.88130 
4 

3.52520 
4.0 

21.00800 


A.  R.  P. 
5     3  21 


Kote,  The  Chain  here  made  ufe  of,  is  4  Poles,  or 
Rods,  in  Length  ;  the  whole  Chain  being  100  Links. 

Bat,  becaiife  every  Man  that  may  have  Occafion 
to  meafare  a  Piece  of  Land,  cannot  procure  a  Chain, 
1  will  therefore  (hew  how  you  may  mcafure  a  Piece 
of  Land  only  with  a  Stick  of  half  a  Rod  in  Length  ; 
that  is,  8  Feet  and  3  Inches;  which  Stick  divide  into 
five  equal  Parts,  fo  vwll  the  whole  Rod  bs  dividi.-d 
into  ten  Parts,  and  will  thereby  be  adapted  to  Decimal 
Arithmetic, 


G  g  Bat, 
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But,  becaufe  each  of  thofe  Parts  of  the  Stick  are 
fomething  large  (each  Pare  being  19  Inches  and  8 
Tenths)  it  will  be  neceflary  to  take  your  Diinenfions 
to  half  of  one  of  thofe  Parts;  and  then,  for  that  half 
Part,  fet  5  in  the  Place  of  Seconds,  thus,  fuppofe  3 
Parts  and  a  half,  fet  it  down  thus,  .35. 

Problem    11. 

LET  us  fuppofe  a  Field  in  the  Form  of  a  long 
Square,  vvhofe  Length  is  45  Rods  5  Parts  and  a 
half,  and  the  Breadih  31  Rods  4.  Parts  and  a  half; 
What  is  the  Content  ? 

Multiply  the  Length  and  Breadth  together,  and  di- 
vide the  Produfl  by  160  (becaufe  160  Square  Rods 
are  an  Acre)  and  the  Quotieat  is  Acres. 

45-55 
3 '•45 


22775 
18220 

4555 
13665 

I  ■-  ■ 

•  1432. 547) 


16I0) 


Seel.  II.  Of  Land'MeaJurlng,  339 

i61o)i43|2(8  A.  R.  P. 

J2S  Facit   8      3    32 

1  2 

32 


Problem    III. 

SUppofe  a  Piece  of  Ground  in  the  Form  of  a  Tra- 
pezium; the  Diagonal  B  D  13  Chains  60  Links, 
the  Perpendicular  CE  6  Chains  25  Links,  and  the 
Perpendicular  AF  3  Chains  42  Links;  What  is  the 
Conien:  ? 


Multiply  the  Diagonal  by  half  the  Sum  of  the  Pcr- 
pendicuhrs.     See  Sed.  VL  of  Chap.  L  Part  11. 


C  g  2 


CE 


340 

CEr=6.25 
AF=3.42 

Sum   g.6Y 

Half  4.S.5 


JfpendiK. 

13.60= 
4,83 

40S0 
10880  , 
5440 

BD 

Sc6l.  II. 

A.  R.  P. 

Facit  6     2    11 

6.56880 
4 

2.27520 

40 

1 1.C0800 

Bj  Rods^  thus : 


CE=:25 
AF-13.68 

Rods. 

54.4=::BD 

Sum   38.6a 

773-^ 

7736 
9670 

1      ' 
Half  19-34 

i6jO)i05  2.096(6 
96 

■ 

4;o)9|2(2 
8 

12 

A.  R.  P. 

/'^aV   6      2    12 

To 
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'Tg  take  the  Dimenftons  of  the  Field. 

Begin  at  the  An^le  B,  and  meafiirc  in  a  direfl 
Line  towards  D  ;  but  when  you  come  at  E,  fct  up 
your  Crofs,  and  dired  one  of  the  Slits  to  D,  and  then 
look  through  the  other  Slit,  and  if  it  exactly  hits  the 
Angle  C,  then  are  you  jult  in  the  Place  where  the 
Perpendicular  will  fall  ;  but  if  it  does  not  exai^lly 
hit  the  Point,  move  backwards  and  forwards  till  it 
does  To;  then  rneafure  the  Perpendicular,  and  fee 
down  the  Chains  and  Links,  or  the  Rods  and  Parts  ; 
then  continue  your  Meafure  towards  D  ;  but  when 
you  come  to  F,  fet  up  your  Crofs,  and  try  (as  is 
above  diredcd,)  svhether  you  be  in  the  Place  where- 
the  Perpendicular  will  fall.  Then  meafure  the  Per- 
pendicular A  F,  and  fet  down  the  Chain  and  Links, 
or  Rods  and  Parts ;  then  continue  your  Meafure  to  D, 
ard  fet  down  the  Meafure  of  the  whoje  Diagonal. 
This  Way  of  meafuring  is  very  exact  and  true  ;  bat 
the  common  Way  ufed  by  the  tjraziers  and  Farmers, 
is  to  meafure  roun-d  the  Field,  and  to  t'ike  half  the 
Sum  of  the  oppofite  Sides  for  a  mean  Side;  but  the 
laft  menrioned  Piece  of  Ground,  being  meafured  io, 
will  come  to 

A.  R.  P.  R.  P. 

7     o  22,  which  is  2   io  more  than  the  Truth.. 


g    "l  PRCBLE>.^ 


2^1  Jppcndix.  Sed.  IL 

Problem    IV. 
How  to  meajure  an  irregular  Field, 

TH  E  Way  to  meafure  irregular  Land,  is  to  di* 
vide  it  into  Trapeziums  and  Triangles,  thus : 

Firfl,  View  over  the  Pield,  and  fet  up  Marks  at 
every  Angle,  and  by  thofe  Marks  you  may  fee  where 
to  have  a  Trapezfum,  as  ABCI  in  the  follov/ing 
Figure. 


Then 
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Then  begin  and  mcarure  in  a  dired  Line  from  A 
towards  C  ;  but  when  you  come  to  (a),  fet  up  your 
Crofs,  and  try  whether  you  be  in  a  Square  to  I  (as  is 
before  direded;)  and  then  meafure  the  Perpendicular 

Ch.  L. 
a  I,  which  is  4.82  ;   then   meafure  forward  again  to- 
wards  C,  but  Vrhen  you  come   to  (b)    fet  up  your 
S  Crcfs, 
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Crofs,  and  try  whether  you  be  In  the  Place  where  the- 
Perpendicular  will  fall ;  then  meafure  the  Peipendi- 

Ch.  L. 
cular  b  B,  which  is  2.06  ;  then  continue  your  Meafure 

Ch.  L. 
to  C,  and  you  will  find  the  whole  Diagonal  9.42. 

Then  proceed  to  meafure  the  Trapezium  CDHI,. 
beginning  at  C,  and  meafurlng  along  the  diagonal  Line 
towards  H;  but  v/hen  you  come  at  (d),  fet  up  your 
Crofs,  and  try  if  you  be  in  the  Place  where  the  Per- 
pendicular will  fall ;  Meafure  the  Perpendicular  d  D, 

Ch.  L. 
which  is   1.46,  and  then  meafure  forward  till  you 
come  at  (c,)  and  there,  with  your  Crof?,  try  if  you  be 
right  in  the  Place  where  the  Perpendicular  will  fall, 
nnd  meafure  thePerpendictilar  cl,  which  is  3  Chains;, 
and  from   (c)  continue  your  Meafure  to  H,  and  you-. 

Ch.  L. 
will  find  the  whole  Dingonal  12.36.  . 

Then  proceed  to  meafure  the  Trapezium  HGED, 
beginning  at  H,  and  nneafuring  along  the  diagonal 
Line  towards  E  ;  bu:  when  you  come  to  (f)  try  with 
your  Crofs,  if  you  be  i-n  the  Place  where  the  Perpen- 
dicular will  fall  ;  and  meafure  the  Perpendicular  ^Qty 
which  is  4.48  ;  then  continue  on  your  Meafure  from 
(f)  till  you  come  to  (g),  and  there  try  if  you  be  in  a 
bquare  with  the  Perpendicular  g  D  ;   and  meafure  the 

Ch.L. 
faid  Perpendicular,  which  is  2. 94;  then  meafure  on 
from  (g)  to  E,  and  you  will  find  the  whole  Diagonal 
Ch.L. 

to  be  1 1  •34* 

Then  meafure  ihe  Triangle  EFG,  beginning  at  E, 

and  meafurlng  along  the  Bafe  EG,  till  you  come  at 
(h,)  and  ihere  with  your  Crofs  try  if  you  be  in  the 
Place  where   the  Perpendicular  will   f?.ll ;  and  mea- 

Ch.  L. 
fure  the  Perpendicular  h  F,   which  is  3.14,   continue 
your  Meafure  to  G,  and  you  will  find  the  whole  Bafe 
Ch.L. 

to  be  9.12  J  fo  you  have  finifned  your  whole  Field. 

I  have 
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I  have  been  the  larger  upon  the  Explanaticn  of  the 
Problem,  bccaufe  moll  Grounds  lie  in  fuch  irregular 
Forms. 

Call  up  the  three  Trapeziums  fevcraliy,  and  alfo 
the  Triangle;  and  add  all  the  fevcral  Areas  together 
into  one  Sum,  which  will  bo  the  Area  of  the  wholo 
irregular  Plot. 

See  the  Work. 

bBz:2.o(S  9.42  Sec  Seft.  VF.  Chap.  I. 

.1  1—4.81  3.44  Part  11. 

Sum  6.88  3768 

3768 

Half  3.44  2826 


f  0=4.48 
gD=:2.94 

Sura    7.42 


Half  3.71 


3.24048=:Area  of  ABCI. 


dDm.46  12.36 

c  I  =3.00  Z.23 


Sum   4  46  37<^^ 

2472 

Half  2.23  2472 


2.75628=zAreaof  CIHD, 


11.34 

3-71 

1134 
793^ 

3402 

4.207 1 4=:  Area  of  HGED. 


Bafe 


34^  ^ppendi^.  Sect.  IL. 

Bafezrp.iz 

See  Sea.  V.  Chap.  I. 

Half-4.56  Part  If. 

Perpend.     3.14 

1824  *" 

456 
136S 

i.43i84.~Arca  of  the  Trian.  EFG 
3.240481=  Area  of  ABCT. 
2.7^628  — Area  of  CIHD. 
4.207!4~Area  of  HGED. 


Sum  I  i.63574~A.rea  of  the  Whole* 


4 


2.54296 
40 

21.7 1840 


A.  R.  P. 
Faa't     II  2  2! 


FINIS. 


BOOKS   printed  for   the    Pro  pp.  IE  tors   of 

this    Work. 


AN  Univerfal  Rtymological  ENG  LISH  DICTION- 
ARY  :  Comprehending  the  Derivation  of  the 
Generality  of  Words  in  the  Enghfti  Tongue,  either 
Ancitntor  Modern,  from  the  Ancient  Britilh,  Saxon, 
Danilli,  Norman,  and  Modern  French,  Teutonit:, 
Dutch,  SpaniOi,  Italian  ;  as  alfo  from  the  Latin, 
Greek,  and  Hebrew  Languages,  each  in  their  proper 
Ch  arable  rs. 

And  alfo  a  brief  and  clear  Explicaticn  of  all  diffi- 
cult Words  derived  from  any  of  the  aforcfiid  Lan- 
guages, and  Terms  of  Art.     To  which  is  added, 

A  Colledion  of  our  mofl  common  Proverbs,  with 
their  Explication  and  Illuftration. 

The  whole  Work  compiled  and  methodically  di- 
gefted,  as  well  for  the  Entertainment  of  the  Curious, 
as  the  Information  of  the  Ignorant,  and  for  the 
Benefit  of  young  Students,  Artiiicers,  Tradefmen, 
and  Foreigners,  who  are  defirous  thoroughly  to  un- 
derftand  what  they  Speak,  Read,  or  Write. 

By    N.    B  A I  L  E  Y,    (UtAor.cy^. 

ARITHMETIC,  both  in  Thecny  and  Praftlce, 

made  plain  and  eafy  in  all  the  Common  and  Ufeful 

RULES,    both  in  Whole  Numbers,  and  Fractions, 

Vulgar  and  Decimal.  *     i 

Air     T  (  Simple  and  7         ,     . 

Alio  Interest  <  r-      .       j    r  ^i^'d   Annuities. 

(  Lompouna,  3 

Likewife  Extraction  of  the  Square  and  Cube  Roots. 
As  alfo  the  Tables  and  Ccnl^rudlion  cf  Lo^ariihrns, 
with  their  Ufe  in  Arithnietic  and  Compound  Jnterell. 
Together  with  Arithmetical  and  Geometrical  Pro- 
grefiion,  and  the  Combination  and  Election,  Permu- 
tation and  Compofition  of  Numbers  and  Quantities. 
With  the  Addition  of  feveral  Algebraical  Queftions. 
The  like  not  extant. 

By    JOHN    HILL,    Gent. 


A  NEW  LAW  DICTIONARY:  Containing, 
The  Interpretation  nnd  Definition  of  Words  and 
l^erms  ufed  in  the  Law  ;  and  alfo  the  whob  Law, 
and  the  Pra(5llce  thereof,  under  all  the  Heads  and 
Titles  (jf  the  (hme.  Together  with  fuch  Informations 
relating  thereto,  as  explain  the  Hillory  and  Antiquity 
of  the  Law,  and  our  Manners,  Cuiloms,  and  original 
Government.  Collecled  and  abilraded  from  all 
Di^lionaries,  Abridgments,  Inilitutes,  Reports,  Year- 
Books,  Charters,  Regillers,  Chronicles,  and  Hifto- 
jies,  publifhed  to  this  Time.  And  fitted  for  the  Uf« 
of  Barrilters,  Students,  and  Praftifers  of  the  Law, 
Members  of  Parliament,  and  other  Gentlemen,  Juf- 
tices  of  Peace,  Clergymen,  iffc.  To  which  is  an- 
nexed, 

A  Tab!e  of  References  to  all  the  Arguments  and 
References  of  the  Lord  Chief  Juftice  Holt,  in  the 
fever al  Volumes  of  the  Reports. 

r,y    GILES    JACOB,    Gent. 


THE  GENERAL  GAZETTEER:  or,  Com-- 
pendious  Geographical  Dictionary.  Containing  a 
Defcriptio-n  of  all  the  Empires,  Kingdoms,  States, 
Republics,  Provinces,  Cities,  Chief  Towns,  ^c.  &c. 
in  the  known  World  ;  together  with  the  Policy, 
Cuftoms,  Manners,  and  Religion  of  the  Inhabitants. 
Including  an  authentic  Account  of  the  Counties, 
Cities,  ?nd  Market-Towns  in  England  and  Wales; 
ns  alfo  the  Villages,  with  the  I>ays  on  which  the 
Fairs  are  kept,     Embeliifhed  with  Nine  Maps. 

By    R.    B  ROOKS  S,    M.  D. 
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